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To all Lovers and LEARNERS 


NAVIGATION. 


HE General Approbation of this Book, fince its firſt 

EC Jmpreſſion in 1686, hath obliged me not only to pub- 

liſh my gretefal Acknowledgment thereof; but alſo 
excited my diligent Search into, and exact Survey of 
every Part of its Strudlure, to find out the DefefFs, to 
know all its Deficiencies, which I have ſo far laboured in, 
That in this Impreſſion, Gs 

I have now Re#ified what was amiſs; Altered what 
was Diſorderly; Explained what was Dark or Obſcure 
Enlarged where it was Scanty ; Added where 1t was Want- 

: Ing ; And, : 

Theſe ReZifirations, Alterations, Emendations, and Ad- 
&tions, being in diverſe Places, [ thought it needleſs to 
Enumerate them particularly ; for they are obvious to a 
diligent Reader, that will but compare the Rules, Pre- 
cepts, and Examples of this with the former Impreſſions, in 
the plain and eaſy Method they are placed in, but which 
in general is thus: 

I. You have Practical Geometry, explained by Definiti- 
ons, Problems and Proportions : In this Chapter is taught 
the making the moſt uſeful Geometric Figures, with be 
meaſuriug all Superficies and Solids z Alſo the Application 
thereof in Practical Meaſuring, Board, Glaſs, Plaiſtering, 
Painting, Paving, and Land; Timber and Stone; Gaug- 
ing of Caſks, and à Ship's Hold: All being illuſtrated 
with Rules, Proportions and Examples, eaſy to the Under- 
fauding, and not burthenſome to the Memory, and ſo ſtated 
that they may be performed both by Arithmetic, and by the 
Line of Numbers on Gunter's-Scale, in 37 Problems. 
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» The fir ſt Chapter I adviſe the Learner to ſtudy well before 
be proceeds, it being preparative to the next, as indeed they 
are all depending on one another, as Links in à Chain. 


II. Plane Trigonometry is next, in which are many uſe- 


ful Notes and Definiticus, with the Axioms, and alſo the 


Caſes depending en each Axiom, orderly ſet down in 8 Pro- 
blems, containing 1 3 Caſes, Y | 

And here I muſt advertiſe the Young Student that would 
work Trigonometry by the Logarithms, to conſult Chapter 
i. The Explanation and general Uſe of the Table of 
Logarithms, and Fables of S:n-s, Tangents, and Secants, 
towards the latter End of the Book, in Page 294. 

IH. 7 hen flows Plans Trigonometry, applied in Pro- 
blems of Sailing by the Plane Sea-Chart, commonly called 
Plane Sailing. 

And that nothing be wanting, I begin with the comme n 
Nates for the Gregorian er New Calendar, Sewing boo to 


find the Prime, Epact, Dominical-Letter, Eaſter-Day, the 


Mooen's- Age, Southing, and Time of Full-Sea, or High- 
Water, in 9 Problems. 

Then proceetting to the Deſcription and Ule of the Plane- 
Chart, in 5 Problems, before I come to the Caſes of Plane 
Sailing, which I divide in;o three Parts. 

1. I a Kight-angled Triangle, relating to @ ſingle 
Courſe, in which are 6 Cales, commonly called the b Caics 
of Plane Sailing, | 


2. In a Right angled Triangle, relating to ſeveral 


| Courſes called a Traverſe. 


3. In en Oblique-Triangle, in which are but 4 Caſes, 


\ #hough there may be a Multitude of various Queitions ; of 


which you have a Tate in Turning to Windward, and 
Sailing in Currents, 1 21 Problems. 


V. In Chapter 4th is Mercator's Sailing; 7 o the right 


underſtanding of which, "tis neceſſary to deſcribe Mr. 

, - Wright's Projection, commonly known by\ithe Name 5 
Mlercator's Chart, and fhew the Uſes of it, before I treat of 
4be Problems cf Sailing by it; which you will find performed 


in 
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in 12 Problems: In the firſt ꝙ the Table of Meridional 
Parts, or the Meridional Line on Gunter's-Scale is uſed: 
And in Caſe that Table or Line be wanting, to ſupply their 
Room I have added Problems of Sailing by the Middle 
Latitude, which will nearly agree with Mercator's Sailing, 
a Thing of good Uſe, in 4 Problems. 

V. Spheric Trigonometry, or the Doctrine of Spheric 
Triangles Rectangular and Oblique, is next in Order; and 
it being ſo neceſſary you ſhould underſtand how to make a 
Spheric Triangle, and aiſo how to meaſure any of its Parts, 
before the framing and working Proportions therein, I have 
fully explained that Matter in the beginning of this Chapter, 
being in a Manner a New Invention, which J call Spheric 
Geometry : This you have in 21 Problems. | 

And in Spheric Trigonometry properly ſo called (the 
next in Order) you have all the Axioms and Caſes, both 
in Rectangular and Obliquangular Triangles, explain'd 
with neceſſary Notes on each Caſe; as to know when a re- 
quired Angle is Acute or Obtuſe, and when a required Side, 
is more or leſs than a Quadrant, in 12 Problems, containing 
28 Cales, | 

VI. The Deſcription and Uſe of both Globes, is the 
next to be conſider d; in which I have plainly and familiarly 
explain'd and ſhewed the Uſe of the moſt neceſſary Things be- 
longing or relating to each of them, in 24 uſeful Problems. 

To which is annexed a ſhort Delcription and Uſe of the 
Hemiſpheres, projected on the Plane of the Ecliptic. 
VII. Geography is the Subject of this Chapter, which is 
the Application of Spheric Trigonometry in finding the 
True Diſtance of Places in the Variety of their Situation 
on the Globe of the Earth, in 8 Problems. 

VIII. Great Circle Sailing comes next, which as it is the 
moſt accurate Way of Sailing, ſo it's the moſt difficult, and 
_ hardly poffible for a Ship exatly to ſail by; yet is of great 
Advantage to keep conveniently near it; for which Purpoſe 
you'll find all that neceſſarily belongs or relates to it, both 
as to the Projective Part, and that both Stereographic and 
Gnomonic; as alſo in the Calculative Part, (which requires 
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the Application of both Spheric and Plane Trigonometty, 
Fully made out; with an Intimation of ſhortening the Work, 
by ſewing how to deſcribe the Arch of a Great Circle on a 
Mercator's Chart; tbe Whole in 4 Problems. 
IX. Next you have Spheric Trigonometry, applied in 
Aſtronomic Problems uſeful in Navigation, wherein 
the Circles of the Sphere are deſcribed, and the neceſſary 
Terms of Art explained to the meaneſt Capacity, with Reſpect 
to the diurnal Motion; and that either, © . | 
1. According to the Ptolomaic Syſtem, wherein you 
have in a Right-Angle Spheric Triangle, all the Variety of 
eſtions and Examples that relate io the Sun, with Re- 
ſpect to his Longitude, Declination, Right or Oblique Aſcen- 
ion, or Diſcen/ion, Riſing, Setting, Amplitude, Altitude and 
Azimuth, at the Hour of Six; Altitude and Hour of the 
Day, when Eaſt or Weſt; Hour, Azimuth, and Altitude, 
when he is in the Equinoctial, in 24 Problems. Alſo, 

In an Oblique Spheric Triangle, you have great Variety 
both with Reſpef to the Sun, or a Star, in many Queſtions 
and Examples relating to the Sun's Altitude, Azimuth, and 
Hour of the Day, in any Place, at any Time of the Year : 
And relating to a Star, as to its Longitude, Latitude, Decli- 
nation, Right Ajcenſion, Riſing, Setting, Amplitude, Alti- 
tude, Azimuth, Hour of the Night, its Altitude on the Me- 
ridian, and Time of its coming to it, in 12 Problems. Or, 

2. According to the Pythagorean, or Copernic Syſtem, 
which is now generally receiv'd, as moſt agreeable to the ob- 
ſerved expervenc'd Motions of the Heavenly Bodies; wherein 
Spheric Trigonometry is applied in variety of Queſtions and 
Examples relating to the Earth's Diurnal Motion about its 
own Axis, once in 24 Hours, whereby all the viſible Ap- 
pearances of the Sun and Fixed Stars are ſolved, with the 
Deſcription of the Circles of the Sphere, and how they are 
drawn Stereographically on the Plane of the Earth's Eclip- 
tic, in 9 Problems, 

X. 7 en follow very eaſy Rules to find the Variation of 
the Compaſs, and hoo to refify the ſame, and to Correct 
the Courſe thereby, doi Arithiactically and Inſirumentally, 
with great Readineſs. Aljo, 
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Ala, bere you have the Way of Projecting the Sphere Or- 
thographically, in 2 Problems, wwith many Examples. - 

XI. An Obſervation, either of Sun or Star; what it is, 
how or with what, and when tis taten; with Rules to find. 
the Latitude of the Place of Obſervation, and all the Varie- 
ties therein reduced into. one Propoſition, containing t 
General Caſes, fully explained by many Examples. . 

XII. You have next ibe Uſe of all the foregoing Inſiruc- 
tions ſummarily comprebended in a new Form of keeping a 
Sea Reckoning or Journal, wherein the Log-Book and 
Journal in Words at Length, and Tabular in Figures, are 
kept together in one Boot; whereby the whole Proceedings, 
and every particular Tranſaction of any Voyage at all times 
may be ſeen and known, which will be no ſmall Satisfaction 
to thoſe concerned in Ships and Goods, nor à little Augmen- 
lation to the Mariner's Credit and Reputation. | 

And that jo uſeful and beneficial a Method may be prac- 
tiſed by all who dgſire to keep a complete and exatt Reckoning, 
and ſo be enabled to render a good Account thereof, I have 
largely deſcribed the Form and Manner of it, «with plaiu Rules 
and Directions ho to Correct the Reckoning by the ob- 
ſerved Latitude, and how to find what Latitude and Lon- 
gitude the Ship is in every Day; with an Example of a 
Seven Days Journal; and how each Day's ſailing is managed, 
in taking it from the Log, Board, caſting it up, and bring- 
ing it into one Courſe and Biſtance; with framing the Dead 
Reckoning, and transferring it into the Journal; fo that 
hereby the Whole is made more intelligible. 

Laſtly, - In the Tabular Part, you have firſt a Traverſe 
Table; which th it flands in ſo little Room as two Pages, 
yet by it the Difference of Latitude and Departure from 
the Meridian may be found for any Diſtance under 10,000, 
and for every Quarter Point of the Compals. 

Next to that, A Table of Meridional Parts 7o every 5 
Minutes of Latitude, which together with the Table of Pro- 
portional Parts annexed the Meridionai Parts, for each ſingle 
Minute are found. 


And 
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And next adjoining is a Table of 10, ooo Logarithms. 

After which you have à Triangular Cannon Logarith- 
mic, or a Table of Artificial Sines, Tangents and Se- 
cants, /o every Degree and Minute of the Quadrant, which 
are corretied with more than ordinary Care, there being no 
Volume (when this Book was firſt publiſhed in 1686) 
extant that had Secants bejides this: The Deſcription and 
general Uſes of theſe Tables are comprehended in 4 Chapters, 
containing 13 Propoſitions, and ſet juſt before the Tables, 
beginning at Page 294. | 

The Schemes or Figures are contained in 10 Copper- 
Plates, inſerted in their proper Places, being orderly Num- 
bered, with proper References for the more eaſy turning unto, 
upon Occaſion. 

Thus have you a Summary of what's here treated of, what 
my Labour and Pains have been herein, I leave you to judge 
who are moſt like to reap the Fruit and Profit (my Share be- 
ing a very ſmall Part thereof) tho* I dare aver, it's the Com- 

leateſt and moſt Portable Pile of Inſtructions (for a 
, ria Learner of Navigation) now extant ; it's the very 
Method I have uſed for now 50 Years, finding it ever ſuc- 
ceſsful, even io the moſt indifferent Capacity, among the many 
Hundreds I have Taught : Therefore if my Reader would be 
4 Proficient herein, let bim begin chearfully, proceed gra- 
dually, and the End will crown his Endeavours with an- 
feverable Succeſs. _ 

Let not Sloth perſuade to give out at the meeting of any 
Difjiculty, but rather remember, that Love, Labour, and 
Conſtancy will overcome the greateſt Difficuly. And, 

That my Learner may ſo read as to underſtand, and /o 
underſtand as to be a Proficient, is the Defire of him, who 


wiſheth the Young Student's Welfare, and the Progreſs of 
ARTS. 


JAMES ATKINSON. 


ri 
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CHAPTER I. 
Practical Geometry explained by Definitions, Problems and Proportions. 


EOMETRY is that Science, whereby we explain the 
various Properties of Magnitude ; that is, of Lines, Super- 


ficies, and Solids, whoſe Original is from the Motion of 
Points, Lines, and Surfaces, | 


Section I. Of Linear Geometry, or the firſt Kind of Magnitude, 


Definitions. A Point is ſaid to have no Parts and therefore can- 
I. not be divided, ſuch we ſuppoſe the Point A. 
Plate 1. Fig 1. 


2. A Line hath no Breadth or Thickneſs, only Length; it is 
made by the Motion of a Point, and {conſidered in itſelf) is ei- 
ther Regular or Irregular, 

3. Regular, is either a Right-line or an Arc. 

4. A Right-line is the ſhorteſt Diſtance between two Points, 
as the Line BC. Plate 1. Fig. 1. 

5. An Arc is not the ſhorteſt Diſtance between two Points, 
but bendeth regularly, as the Arc DE. | 

6. Irregular, as any crooked Line that bendeth unevenly, as 

„„ ON | 

7. Lines, compared, are either parallel, or inclining ; from 

whence proceed the following Problems, 


Problem I. To draw a Line parallel to a eiven Line, 


Definition. P Right-lines are thoſe which being infinitely 
produced (being in the ſame Plane) will never 
meet, ſuch are the Lines AB and CD. Plate 1. Fig. 2. 
Example, AB the Line} , 
, C is a Point 3 81ven. 
Through this Point C, and parallel to the Line AB, a Line 
Is required to be drawn, 


1. Take 


„ e., Cb i 


1. Take (with a Pair of Compaſſes) the neareſt Diſtance be- 
tween the given Point C, and the Line AB. 
2. With that Diſtance and one Foot of the Compaſſes (placed 
any where in the Line AB,) draw (on the ſame Side with the 
Point C) an Arc D. ; 
From C, draw a Line to touch the Arc D, and it's done; 
for the Line CD, is parallel to the Line AB, as was required. 


Prob. II. To biſed or divide a given Rigbt- lins into two equal Parts. 


Example. Ag is a given Line. Plate 1. Fig. 3. 
To find the Middle thereof is required? 

1. I TH any Diſtance, (greater than half the given Line 

| AB) and one Foot of \ Compaſles on A, deſcribe the 
Arc CD. 
2. With the ſame Diſtance, and one Foot on B, croſs the 
former Arc in C and D. 
3. By C and D draw a Line which will cut AB in E, the 
Middle; and if AE is equal to EB, it's done true; and E is 
then in the Middle of the Line AB, as was required. 


Prob. III. 27 erect a Perpendicular from a Point in a given Line. 


Definitions. I Nelining Lines are not equally Diſtant, but if pro- 
1. duced, will meet on one Side, as the Lines AB 
and CD. Plate 1. Fig. 4. 

2. The meeting of inclining Lines, (called an Angle) is ei- 
: ther Direct or Oblique. 

3. Direct- meeting of Lines, is when the Angles on each Side 
are equal, as EGH, and FGH; and this Kind of meeting is called 
Perpendicular, Plate 1. Li 4. | 

Example. AB is a Line given. 

The Point A, one end of it, from whence to erect a Perpen- 
dicular is required. Plate 1. Fig 5. 

1. With any Diſtance, and one Foot in A, draw an Arc to 
cut the Line AB in D. 

2. With the ſame Diſtance, and one Foot in D, draw an Arc, 
to cut the former Arc in C. 

3: With the ſame Diſtance, and one Foot in C, deſcribe an 
Arc DE, to cut the Line AB in D. 

4. By C and D, draw a Line to cut the Arc DE in E. 

5 Then by A and E draw a Line and it's done; for the 
Line AE is perpendicular to AB as was required. 


Prob. IV. 


Seck. I. Pracicul Geometry. — 
Rroblem IV. To let fall a Perpendicular, from a given Point te 


a given Line. | 
Example. AB is 2 Line given, C is a given Point, from 
whence to let fall a Perpendigplar to the Line AB is required! 
Plate 1. Fig. 6. ; 

1, Draw a Line (at pleaſure) from Cto AB, as is the Line CD, 

2. By Problem 2. biſect the Line CD in E. 8 
3. With the Diſtance EC, equal to ED, and one Foot in E, 

Groſs the Line AB in A. 

4. By A and C draw a Line, and it's done; for AC is 2 
Perpendiculat let fall from the Point C to the Line AB, as way 


required. | | | | 
Problem V. To make a Plane Angle. X 


Definition 1. The meeting of inclining Lines is called an 
Angle, and the Lines ſo meeting are called Sides of that Angle, 
as AB and AC. Plate 1. Fig. 7. | 

2. An Angle is either a Right-Angle, or an Oblique Angle. 

4. A Right- Angle is where two Lines are perpendicular to 
each other, as ED and DF. Plate 1. Fig. 7. | 

Note, A Right- Angle is juſt 90 Degrees. 

4. An Oblique- Angle, is either an Acute, leſs than go Degrees, 
as BAC, or Obtuſe more than go Degrees, as GHI. Figure 7. 

Note; An Angleis written with three Letters, the middle Letter 
ſignifieth the Angular Point as BAC ſignifieth the Angle A. 

An Angle is meaſured by an Arc, whoſe Center is the Angular 
Point, and is drawn from one Side to the other of the Angle, as 
the Meaſure of the Angle KLM is the Arc NO. Plate 1. Fig. 7. 

What a Degree is you may ſee in Problem q. Definition 1. 
Example 1. At A in the Line AB, to make a Right-Angle, 
Plate 1. Fig. 7. 

- The Rule. Upon A (by Problem 3.) erect the Perpendicular 
AC, and it's done, for the Angle BAC is a Right-Angle. 

Example 2. At A in the Line AB to make an Acute - Angle 
equal to 41 Degrees, Plate 1. Fig. 8. 

1. Take (always) a Chord of 60 Degrees from your Scale, and 
with one Foot on A, draw an Arc DE, to cut the Line AB in D. 

2. Make the Arc DE, equal to the Chord of 41d. that is, 
take 41d, from the ſame Scale of Chords, and lay it on the Arc 
from D to E. | 

Y, my A and E draw the Line AEC, and it's done; for the 
Angle BAC is an Acute Angle, containing 41 Degrees, 

. Example 3. At B in the Line BC, to make an Obtuſe-Angle 
equal to 102 Degrees. Plate 1. Fig. 8. "8: 
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1. As before (with one Foot on B) draw the Arc EF with a 
Chord of 60 Degrees, to cut BC in E. | 
2. On that Are make EG equal to GF, and each equal to 
1d. the half of $024. that is, take 51d. from the ſame Scale of 
hords, and Jay it on the Arc from E to G, and from G to F. 
3- By B and F draw the Line BFD, and it's done; for the 
Angle CBD is an Obtuſe Angle, containing 102 Degrees. 


Section II. Of ſuper ficial Geometry, or the ſecond Kind of Magnitude. 


_— 1. A Superficies hath no Thickneſs, only Length 
and Breadth ; *tis made by the Motion of a Line, and is either 
plane, convex,.or concave. | 
2. A Plane Superficies, is a Figure flat, ſmooth, even, and 
made by the Motion of a Right-line; it's either ſimple or various. 
3. A f =_ on ( Figure or Superficies is bounded by I; 
F 4. A Figure bounded by one Line, is either a Circle, or an 
Ilipfis. | | 
% A Figure bounded by Lines, is either a Triangle, a Qua- 
drangle, or a Multangle, 
6. In every Superficies there are three Things to be noted, 
1. The 2 which is that Line or Lines bounding it, as 
BC DEB. Plate 1. Fig. 9. 
2. The Center, which is a Point in the Middle of it; as A. 
The Area, which is all the Space contained within the. 
Term, as AEC DEBA. Plate 1. Fig. q. 
4. The Kinds of Plane Figures are ſeven, a Circle, a Triangle, 
a Quadrangle, and a Multangle the moſt eaſy to make; the 
more difficult are the Ellipfs, Parabela, and Hyperbola ; each 
affords divers Problems, of which we begin with the Circle. 


Problem VI. To deſcribe a Circle, having its Diameter given. 


Definitions. 1. A Circle is a Plane Figure bounded by one Line, 
called the Periphery; as ABCDEBA. Plate 1. Fig. 9. 

2. The Periphery of a Circle is a Line encompaſling it, ſo that 
it's equally diſtant from the Center, as BCDEB. 

3. The Center of a Circle is a Point in the Middle of it, from 
whence all Right-lines drawn to thePeriphery are equal, and called 
Radii, each, or any one ſuch Line being called Radius; as A. 

4. The Diameter of a Circle, is any Right Line drawn thro' the 
Center to the Periphery; it biſecteth the Circle, and is the longeſt 
. rd that can be drawn in it, as BAD is a Diameter. 

xample. BD equal to 60 Inches is given; to make a Circle 
on or about it is required ? Plate 1. Fig. 10. 


1. Biſect (by Problem 2.) the Line BD in A. 


* 


2. With 


% vi * , 
A 
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2. With the Diſtance AB equal to AD, and one Foot on A, 
deſcribe the Periphery BCDEB, and it's done, 


Problem VII. To draw the Periphery of a Circle through any three 
| Points, not being in a Right-line. 
Examdle. B, C, and D, are three Points given, thro' them 
to draw the Periphery of a Circle is required? Plate 1. Fig. 11. 
1. With any Diſtance greater than half CB, or CD, and 
one Foot in C, draw the Arcs FG, Hl. 
2. With the ſame Diſtance, and one Foot in B, croſs the firſt 
Are in Fand G. | 
2. Likewiſe (with the ſame Diſtance and) one Foot in D, cut 
the other Arc in H and I. | | 
4. By F and G, and H and I, draw Lines to cut each other 
in A which will be the Center. : | 
5. With the Diſtance AB, equal to AC, equal to AD, and 
one Foot on A, draw the Periphery BCDB, and it's done. 


Problem VIII, To quarter a Circle, or in a Circle to draw two 
| Diameters at Right-angles, 


Example. BCDEB the Periphery, and A the Center of the 
given Circle; in which to draw two Diameters at Right-angles 
is required. Plate 1. Fig. 12. 

1. Through the Center A, draw the Diameter BAD. 

2. Biſect (by Problem 2.) BAD, by drawing the Line CAE, 
and it's done; and if BC, CD, DE, and EB are equal to each 


other, it's done true, otherwiſe not. 


Problem IX. To find the Chord, Sine, Tangent, and Secant of an 
Arc of a Circle. | 
Definitions. 1. If the Periphery of a Circle be divided into 
360 equal Parts, they are Degrees; a Degree divided into 60 
equal Parts, are Minutes; a Minute into 60 equal Parts, are 
Seconds, &c, Plate 1. Fig. 13. 

2. The Arc of a Circle is any Part of the Periphery; as EB, 
or EBF; and is counted in Degrees, which are greater or leſs in 
Proportion to the Radius of the Circle. 

3. Radius of a Circle is half its Diameter, or any Right-line 
drawn from the Center to the Periphery, as AB. 

4. A Chord-line is drawn from one End of an Arc to the other 
as EDF, or EB, are Chord-lines. 

5. A Sine-line is half a Chord-line of double the Arc ; as ED 
Pers half the Chord EDF) is a Sine-line of the Arc BE, and 

F 1s a Sine: line of the Arc BF. 

6. Verſed- Sine line lies between the Sine- line and the Peri- 
phery, as DB is a Verſed- Sine of the Arc BE equal to BF 5 

7. Tan- 


\ : VR 2 
n . 2 W314 
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7. Tangent touches the Periphery, and is Perpendicular to a 
Diameter in the touching Point, ſo BC is the Tangent Line of 
the Arc BE, | | 

8. Secant cutteth the Periphery, being drawn from the Center 
till it meet the Tangent, as AC is a Secant of the Arc BE. | 

Example. The Chord, Sine, Tangent, and Secant of an Arc 
containing 45 deg. are required? Plate 1. Fig. 13. 

1. Wich any Diſtance (and one Foot on A) deſcribe the Peri- 
phery HIBG. 

2. Quarter the Periphery (by Problem 8.) by drawing the two 
Diameters HAB and IAG; then is BG equal to GA, equal to 
HI, equal to IB, equal to go Degrees. 

3. Divide (by Problem 2.) BI into equal Parts in E, and 
then BE equal to El, is equal to 45 Degrees. 

4. Make BF equal to BE, and draw the Lines BE, and EDF, 
to cut the Diameter HAB in D. 

5. At B (by Problem 3) erect BC perpendicular to the Dia- 
meter HAB; or draw (by Problem 1.) BC parallel to the Dia- 

- meter IAG, 2 

6. By A and E draw a Line to cut BC in C, and it's done. 

Then the Line BE is the Chord of 45 deg. the Line EDF 
the Chord of go deg. the Line ED equal to DF, the Sine of 
45 deg. DB the Verſed Sine, BC the Tangent Line, and AC 
the Secant Line of the ſame Arc BE, equal to 45 Degrees. 

This Problem is the Ground Work of the Line of Rumbs, 
Chords, Sines, Tangents, Secants, &c. Set on Rulers called 
Scales or Plane Scales; as alſo of the Degrees on the Quadrant, 
Croſs-Staff, and mathematical Inſtruments. 

But its chief Uſe is in a Right-Angled- Triangle, as ſhall 
be ſhewed in Trigonometry, when I come to explain the firſt 
Axiom in making any Side Radius, ſee Chapter 2. Section 2. it: 
Page 35- 8 


Sect. II. Of Triangles, the 2d Kind of Plane Figures, 


Definition 1. A Triangle is any three corner'd Figure, having 
three Sides and three Angles, as ABC; and inreſpett of its An- 
gles, is either Rectangular or Obliquangular. Plate 1. Fig. 14. 
2. A Right- Angle-Triangle hath one Right- Angle; in its mak- 
ing hath a Perpeudicular creed, or let fall, as ABC, 

- Thoſe Sides containing the Right-Angle are called Legs; 
FO E AB, and Leg BC. Plate 1. Fig. 14. 

4. The Side oppoſite to the Right-Angle is called the Hypo- 
thenuſe; as AC, Plate 1. Fig. 14. 

Prob. j 48 
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Prob, X. To make a Right Angle Triangle, the Hypathenuſe,. and 
| one Angle given. 1 


Nete 1, The Sum of the three Angels of every Plane Triangle 
are equal to 180 Degrees. 2 | 
2. To make a Right Angle Triangle, two Things, (beſides 
the Right Angle) and one a Side, muſt be given, x 


Hypothenuſe AC 137 Feet | 

Examy le The Angle BAC 34d. _ | j iin 

With theſe to make a Right Angle Triangle is required. 
Plate 1. Fig. 15. 8 

1. Make the Angle BAC equal to 34d. 3om. (by Problem 5. 
Example 2.) that is, take a Chord of 60d. and with one Foot on 
A, draw an Arc, and on that Arc, lay the Chord of 346. zom. 
drawing AB and AC, which includes the Angle BAC equal to 
34d. zom. | 
2. Make AC equal to 137 Feet; that is, from any Scale of 
equal Parts take 137, and lay it from A to C. 

3- From C (by Prob. 4.) let fall the Perpendicular BC, to 
cut the Line AB in B, and it's done, 


Prob. XI, To make a Right Angle Triangle ; the Pypathenuſe and 
one Leg being given, 


| Hypothenuſe AB 411 . 
Example. The 125 ee 442] Perches given 


With them to make a Right Angle Triangle is required. 
Plate 1. Fig. 16. 

1. Make AB equal to 342 Perches; that is, from any Scale 
of equal Parts, take 342, and lay it from A to B. 

2. At B (by Prob. 3.) erect a Perpendicular BC. 

3. With 411 Perches (that is, take 411 from the ſame Scale 
of equal Parts, the 342 were taken) and with one Faot in A, cut 
the perpendicular in C. | 

4. From A to C draw a Line, and it's done, 


Prob, XII. To make a Right Angle Triangle ; baving one Leg 
and one Angle given. 


Leg AB 415 Miles : 
Example. The 458 BAC 40d. 25m; given. 
With them to make a Right Angle Triangle is required. 
Plate 1. ig. 17. | 
1. Make AB be equal to 415 Miles, that is, ſrom any _—_ 
B 0 
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of equal Parts, take 415, and lay it from A to B; and at B, 
(by Prob. 3.) in Page 12, ere& a Perpendicular BC. 

2. At A (by Prob. 5. Example 2.) in Page 13, make the 
Angle BAC equal to 40d. 25m. which is thus, take a Chord 
of 60d. and with one Foot on A, draw an Arc, (on which Arc 
lay the Chord of 40d. 25m.) by drawing the Line AC, and it's 
done. | | 


Prob. XIII. To make a Right Angle Triangle, the Legs being given. 


Example, The Leg} — — { Leagues given. 


With them to make a Right Angle Triangle, is required. 
Plate 1. Fig. 18. 

1. Make AB equal to 404 Leagues; and at B (by Prob. 3.) 
in Page 12, erect a Perpendicular BC. | 
2. Upon the Perpendicular make BC equal to 328 Leagues, 
and from A to C draw a Line, and it's done. | 


Of Obligue-angle Triangles. 
Definition. 1. An Oblique Triangle hath all its Angles Ob- 


lique, and is either an Obtuſe or an Acute Triangle. 

2. An Obtuſe Triangle hath one Obtuſe Angle, that is, one 
Angle greater than god. as BCD. Plate 1. Fig. 19. 

3. An Acute Triangle hath all its three Angles Acute ; that 
is, each Angle is leſs than god. as EFG. Plate 1. Fig. 19. 


Nite; To make an Oblique Triangle, three Things, (and 
one of them a Side) muſt be given, 


Prob, XIV. To make an Oblique Triangle, two Angles and a Side 
ef peſite one of them being given. 


BCD 114d. 
* | BDO 26d. 49m. þ given 
Side BC 352 Miles - 


1 With them to make an Oblique Triangle is required. Plate x. 
ig. 19. 

1. Make BC equal to 352 Miles; and at C (by Prob. 5. 
Example 3.) in Pages 13 and 14, make the Angle BCD equal 
to 114d. by drawing the Line CD; that is, take a Chord of 
60d. and with one Foot on C, draw an Arc, on that Arc lay 
the Chord of 114d. by taking it's half 57d. and laying it twice 


on the Arc, by which draw the Line CD, thereby you'll include 
the Angle BCD of 114 Degrees. 


Example. The 


2. Add 
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2. Add 114d. to 26d. 40m. it makes 140d. 40m. the Sum of 
the given Angles; which ſubtract from 180d. oom. the Sum of 
the three Angles. — 
Remainder is the Angle CBD 39d. 20m, 

3. At B (by Prob. 5. Example 2.) in Page 13 make the An- 
gle CBD equal to39d. 20m. by drawing the Line BD; that is 
with a Chord of 60d. and one Foot on B, draw an Arc, on that 
Arc lay the Chord of 39d. 2om. by which draw the Line BD, 
and it's done. 

Prob. XV. To make a Oblique Triangle, having twa Sides, and 
an Angle o 2 to one of them given, 


; 274 | 
Example. The Sie BD 426 F — g given. 
Angle BCD 108d. 3om. 

With them to make an Oblique Triangle is required. Plate 1. 
Fig. 20. 

* Make BC equal to 274 Miles, and at C (by Problem 5. 
Example 3.) in Pages 13 and 14, make the Angle BCD equal 
to 108d. 3om. by drawing the Line CD. 

2. With 426 Miles, and one Foot in B, cut the Line CD in 
D, and by B and D, draw a Line and it's done. 

Prob. XVI. To make an Oblique Triangle, two Sides, and the 
included Angle being given, f 


; BC——327 | 
Example. Thef Sit 1 Feet Fen 
Angle CBD 101d. 3om. 
; With them to make an Oblique Triangle is required. Plate 1. 

ig. 21. 

. Make the Side BC equal to 327 Feet; and at B (by 
Promblem 5. Example 3.) in Pages 13 and 14 make the Angle 
CBD equal to 101d. 30m. by drawing the Line BD. 

2. Make BD equal to 274 Feet; and by C and D draw a 
Line, and it's done. 

Prob. XVII, To make an Oblique Triangle, having the three 
. Sides given. 
Nite. Any two Sides together, muſt be greater than the 
Third, to make a Triangle. 
BD 525 
Example. The Seed BC 425 Leagues given, 
CD 250 
— them to make an Oblique Triangle is required, Plate 1, 

ig. 22. 

1. Make BD equal to 525 Leagues; then with 425 Leagues, 
and one Foot in B draw an Arc C, | 

B 2 2, With 


— 2 — ROOT OE oo. 
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2. With 250 Leagues, and one Foot in D, cut the Arc in 
C, and from C draw Lines to B and D, and it's done, 


Sect. III. Of Proportions for the ready meaſuring of Super ficies 
and Solids, © 


Hing ſhewed how to make the moſt common and uſeful 
LEI Geometric Figures, I now proceed to their (and others) 
Menſuration, by exact and eaſy Rules. 

To prevent the Book's ſwelling too great, I will not trouble 
you with Arithmetic Calculation, but preſent you with an In- 
ſtrumental way of Operation, that's quick and true, eaſy and 
ready on Gunter s- Scale, an Inſtrument ſo very well known, it 
needs the leſs Deſeription; only to avoid Repetitions take this 
excellent Rule. 


A general Rule for Gunter's-Scale. 


Extend the Compaſſes from the firſt Term (in Geometrie Pro- 
portion) to the ſecond; That Extent (if right laid) from the 
third, will reach to the fourth Term, or Thing required. 

This Rule well minded, will make what follows appear eaſy, 
and ſave many Words and much Time; and therefore to explain 
it, take this Proportion. 

As2isto6; ſo is 5 to 15; which I ſhorten thus; 

As 2++6 :: 5++ 15, 

The Extent (on the Line of Numbers) from 2 unto 6, ac- 
cording to the ſaid General Rule) will reach from 5 unto 15, 
the fourth Term or Thing required, 

Theſe Words may be ipar'd by the ſhort way of writing the 
Proportion and minding the Order of the Terms, as in the Prob- 
lems following : But, tor a full Explanation of the Gunter, and 
how to work any Proportion by it, fee my Additions to Mr. 
WAKRELEY's MARINER's COMPASS RECTIFIED, 
Page 181, Oc. 


Prob. XVIII. The Diameter ef a Circle given; to find its Periphery, 


The Rule, As} J. 5 { 1 | :: Diameter · Periphery. 
Example, The Diameter 34 Inches: What's the Periphery ? 


Anſw. Inches 106.8 Tenths of an Inch, For, 
As$7: 22—— |} 
„ : 34 Inches · 106.8 Tenths. 
That 


314159 


- 
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That is, the Extent of the Compaſſes (on the Line of Num- 
bers) from 7 to 22, or from 1 to 3.14, &c. will reach from 
Inches to 106.8 neareſt : Obſerve the like in all the reſt. 


Prob. XIX. By the Periphery to find the Diameter. 


22— — 
The Rule. rome . Þ 2 : ; Periph, . Diamet. 
Is 0.3183 | | 
Example. The Periphery Inches 106.8 Tenths ; what is the 
Diameter? Anfw. Inches 34. For as 22+ 7 : : Inches 106.8 34 
Inches, the Diameter required, 


Prob. XX. The Diameter of a Circle given; to find its Area, or 
Content, 


| 1. Find its Periphery by Prob. 18. Then ſay, 
* * | 2. As 1. . — Ny 2 Periphery «- Area. : 
Example, The Diameter 14 Inches; What is its Area? Anſw. 
154 Inches. - 
By Prob, 18, The Diameter being 14, the Periphery is 44 
Inches, and by the Rule it is thus : | 


As 1++7 : : 22 ++ 154 Inches, the Area, or Content required, 


Prob. XXI. By the Periphery to find the Area. 


1. Find the Diameter by Prob. 19. And then 
The Rube. 2. The Aren in found by Prob. 20. : 


Example, The Periphery 22 Inches; What is the Area ? 
Anſw. Inches 38.5 Tenths. | 
ThePeriphery 22 Inches, the Diameter is 7 Inches, by Prob. 19. 
And by Prob. 20, it is thus, As 1+ 3.5 : : II. Inches 38.5, 
the Area required. 7 
Note, The Area is of the ſame Name with the Dimenſions 
taken ; That is, if the Diameter, or Periphery be Inches, Feet, 
or Yards, &c, then the Area is Inches, Feet or Yards, c. 


Prob. XXII. To reduce the Area, or Content of any Thing found in 
Inches, to Feet; or into Beer, or Mine Gallons, 


I. Rule for Feet; ſay 144 ++ 1 : : Area in Inch. Area in Feet, 


2. Rule for 282 a ; Beer 
Gallons As w_ C I :: Area in Inch. ö Wine Gallons. 


This needs no Example; and to avoid the firſt Rule, take 
the Dimenſions in Foot-meaſure ; that is, 12 Inches, or a Foot 


B 3 divided 
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divided decimally; that is, into 100, 1000, 10000, &c. equal 
Parts, called the Line of Foot-Meaſure. 


Prob. XXIII. The Diameter, or Periphery of a Circle given, to 
find the Side of the inſcrib'd Square, or the Chork of go Deg. 


The Rule, As 1 { 707 . Pelghery J . Side of the 


inſcribed Square, or Chord of god. required, 

Example. The Diameter of a Circle being 3 Feet and 4 
Tenths; What is the Side of the inſcribed Square, or the Chord 
of go Degrees? Anſw. 2 Feet and 4038 Parts of 10000, 

| ig As 1 : 0.707 :: 3.4: 2.4038 the Chord of go Deg. or 
Side of the inſcribed Square. 


Prob. XXIV. The Baſe and Perpendicular F a Triangle given; 
„„ to find the Area, | | 


The Rule, As 1. {Baſe : : Perpendicular -» Area required, 

Example. The Baſe 16 Inches, and the Perpendicular 12 
Inches given; I demand the Area? Arnfw. 96 Inches. 

For; As 1 8: : 12+- 96 the Area required. 


Prob. XXV. The Length and Breadth of a Parallelogram given; 
| to find its Area, ER | 


Definition 1. A Quadrangle hath four Angles, and four Sides, 
as ABCD; and is either a Parallelogram or a Trapezium, 
Plate 1. Fig. 23, | wo 

2. A Parallelogram hath its oppoſite Sides parallel, and con- 
ſequently equal, as ABCD; and is either a Square, a Long- 
ſquare, a Rhombus, or Rhomboides; the firſt two are Rectan- 
gled Parallelograms, the latterare Oblique-angled Parallelograms. 

3- A Square hath four equal Sides, and four equal Angles; 
as ABCD. Fig. 23. ET 5 | 

4. A Long-ſquare, hath its two oppoſite Sides equal, and four 
equal Angles; as EFGH. Fig. 24. | 

5. A Rhombus, hath four equal Sides, and but two oppoſite 
Angles equal; as IKLM. Fig. 25, | 

b. A Khomboides, hath only two oppoſite Sides, and two op- 
poſite Angles equal: as NOPQ. Fig. 26. | | 

Note, Ihe Breadth of the two laſt is not IM nor NQ; but 
the Perpendicular MN, and QR, and to meaſure all Parallelo- 
grams, obſerve this General Rule. | | 

As 1, ++ Breadth : : Length . Area required, Exe 
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Example 1. A Square whoſe Length AB, and Breadth BC, 
each is Feet 2.5 Tenths; what is the Area? Anſw. Feet 6.25 
Parts of 100, For; as 1++2.5 : : 2.5++ 6.25 Area, Fig. 23. 

Example 2. A Long-ſquare whoſe Length EH, is Feet 2.5, 
and Breadth EF is Feet 1.6: What's the Area? Anſiu. 4 Feet. 

For; As 1. 1.6: : 2.5 · 4 Feet the Area. Plate 1. Fig. 24. 

Example 3. A Rhombus whoſe Length IK is Feet 2.5, and 
Breadth MN Feet 1.6; What is the Area? Anſw, Feet 4. 
Plate 1. Fig. 25. BE. 

For; as 1++1.6 : : 2.5 ++ 4 Feet the Area required. 

Example 3. A Rhomboides whoſe Length NO, is Feet 25, 
and Breadth QR Feet 12. What is its Area? Anſw. 300. 

For; as 1. 12:: 25 ++ 300 Feet the Area required. 

| Plate 1. Fig. 26. 
Prob. XXVI. The Diagonal, and two Perpendiculars of a Tra- 
f pezium given; to find its Area. 

Definition 1. A Trapezium hath its oppoſite Sides, and its 
oppoſite Angels unequal; as ABCD. Plate 1. Fig. 27. 

2. The Diagonal, is a Line drawn from its oppoſite Angles; 
as AC. 

3. The two Perpendiculars, are let fall from the Angles to 
the Diagonal; as BE, and DF. 

The Area of a Trapezium, is found by this Rule. 

As 1++ 1 Diagonal :: Sum of the Perpendiculars -- Area req, 
Example. The Diagonal AC 28 Feet: The Perpendicular B 
15 Feet; and DF 12 Feet? What's the Area? Anſw. 378 Feet. 

For; As 1. 14: : 27. 378 Feet the Area required. 

Plate 1. Fig. 27. 

Prob. XXVII. The Length and Breadth of an Ellipſis called an 
Oval, given; 10 find the Area. 

The Rule. As ++ Breadth :: Length · 4th Numb. They ſay again, 


As 1 5 28 g :: 4th Number -- Area required. 
Example. The Tranſverſe Axis of an Ellipſis 12 Feet, and 

Conjugate Axis 8 Feet; What's the Area? Anfw. Feet 755. 
For; As 1++8 :: 12++ 96 the Fourth Number, 


Then, As 14 ++11 :: 96++ 75.4 Feet the Area required. 
Prob, XXVIII. To find the Area of a Parabola. 


The Rule, As t. Axis : ; Double Ordinate. 4th Number, 
Then, ſay again, As 3++2 : : 4th Number · Arca required, 
Example. The Axis of a Parabola g Feet, and the Double Or- 
dinate 8 Feet, What's the Area? Anſiv. 48 Feet. 
B 4 | For 


24 Praflical Geometry. 5 Chap. 1. 


For; —As 1.90: : 8 ·· 72 the 4th Number. ; 
And then ;—As 3 2: : 72+ 48 Feet the Area required. 


Scction IV. Of Solids, the third Kind of Magnitude, 


Definition, A Solid hath Length, Breadth and Depth, and if 
bounded by one Superficies, is either a Sphere, or a Spheroid ; 
but bounded by more than one Superficies, is either a Priſm, a 
Pyramid, a Priſmoid, or a Pyramidoid ; or compounded of the 
laſt, called a Spindle, 


Prob. XXIX. The Diameter of a Sphere given; to find the Solid 
Content. 


Definition. A Sphere or Globe, is a Round Body, whoſe Length, 
Breadth, and Depth, are a-like and equal; being made by. the 
Rotation, or moving of a Semi-circle about its Diameter; whoſe 
Solid Content is found by this Rule. | | 


21 11 6 6 3 
As} 1 ” U. 52350 5 : ; Cube of Diam. . Cont. required. 


Example. A Sphere whoſe Diameter is Feet 2.42 Parts: What's 
the Solid Content? Aſa. Feet 7.43 Parts of 100. | 


For ;—As 1. 2.42: : 2.42++5.86 : : 5,86 : 14.17 the Cube 
* 


of the Diameter; Then 8 4 
21 11— 72. þ : 
As} : C T E | : 1417 ++ 7.43 the Content required. 


In ſuch a Caſe as this, the readieſt Way is to extend the 
Compaſſes from the firſt Term to the third Term; and that 
being turned over three times from the ſecond Term, will reach 
the Thing required. N 

As here, the Extent from 1 to Feet 2.42, the Diameter, turned 
three times from o. 524, Cc. reacheth to 7 Feet and 43 Parts of 
100, the Content required. For it's thus; Ee 
1. 2.42 : 3 0.524 1.27: : 1.27 ++ 2.07 :: 2.07 +7. that is 

The Extent from 1 bo We the Line of Numbers) will 
reach from 0.524 to 1.47 ; and the ſame Extent will reach from 


1. 27 to 3.07; and the fame Extent from .3.07 reacheth to 7 Feet 
and 43 Parts of 100. | | 


Prob, XXX. The Diameters of a Spheroid given; to find the 
5 Solid Content. : 
Definition. A Spheraidis an Oval Solid, Longer than it's Broad 
or Deep; being made by the Rotation of a Semi-Ellipſis about 
its Axis; the Solid Content is found by this Rule. > 


1 
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Rule. As 1+ Square of De : Length -- a 4th Num. then ſay, 


4 . 
hk ad, { 524 :: 4th Number · Content required. 


Example. A Shheroia, whoſe 
Length or Tranſverſe 
Leng or Conjugate | Axis is Inches 3 /** > | Tenths, 

What's the ſolid Content ?. Anſw. * 63.4 Tenths. 

For it's, As 1 ++ Square 4.1: : 7.2 121; ; here the Extent 
from 1 to 4.1 is turned twice from 7.2, and it reacheth to 121, 
Then ſay, 

As 1273 1 { 1] 2 ſ Inches 63.4 Tenths, the 
I +524 Content required, 

Or thus, As 1 0. 524 war! : 2.15++8.81; 

That is, the Ein on the Line of Numbers from 1 to 4.1 
will reach from o. 324 to 2. 15; and the ſame Extent from 2.15 
to 8.81 Parts of 100. 

Then; As 1. 8.81: : 7.2 ++ 63.4; that is, the Extent from 
I to 8. 81, will reach from 7.2 to Inches 63.4 Tenths, the Sol 
Content required, 


Prob, XXXI. The Dimenſions of a Priſm given ; to find the * 
; Content. 


Definition 1. A Priſm is a ſtrait Solid, whoſe two Baſes or 
Ends are equal, parallel, a-like, and a- like ſituate. 

2. A Priſm takes its Sir-Name from its Baſe ; as a Round 
Priſm, a Triangular, a Quadrangular, or a Multangular Priſm, 
and are all meaſured by this one General Rule, 

As 1. Area of one Baſe : : Length -- Solid Content. 

Exomple 1. Around Priſm, called by ſome a Cylinder, whoſe 
Diameter at each End is - - 21 J inch 
And Length is - - - - - - 30 5 Flv _ 

What's the Solid Content? Arnſw. 10398 Inches. 

A Cylinder's two Baſes are two cqual Circles, and therefore 
the Area of its Baſe is found by Prob. 30, to be Inches 346.4 
Tenths ; Then it is, 

As 1. 346.4: : 30 . 10392 Inches the Solid Content required. 
| Nn An Elliptic Priſm, whoſe Baſes are equal Ellipſis's, 

e 
Tranſverſe a 2 
Conjugate Axis of each 1 8. 

| Length of the Solid is - = 30. 

What's the Solid Content? Auſio. Inches 2262. 


Inches en. 


For 
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For its Baſe being an Ellipfis, the Area by Prob. 27, is Inches 
»5.4, and then it is, : ; 
As 1 ++ 75-4 : : 30++ 2262 Inches the Solid Content required, 


Example 3. A Triangular Priſm, whoſe Baſes are equal Tri- 

angles, — each of which, g 
r 16. : 

The | Perpendicular c is j , 2: Fnches given. 
And the Length of the Solid is 20 Inches. 

What's the Solid Content? Anſw. Inches 1920. 
The Area of the Baſe (by Prob. 24.) in Page 22, is 96 
Inches ; and then it is, . 

As 1. 96 : : 20+ 1920 Inches, Solid Content required. 


ple 4. A Cube, which is a Quadrangular Priſm, of equal 
Length, Breadth and Depth, bounded by 6 equal Squares, 
each Side- being Inches 12: What's the Solid Content ? 
Anſw. Inches 1728. | 
or, As 1+» Square of 12 :: 12+-+1728: That is the Extent 
from 1 to 12, turned over 2 times from 12, reacheth to Inches 
7728 the Solid Centent required. | ke 


Example 5. A Parallelopipedon, or Quadrangular Priſm, whoſe 
Baſes are two equal Squares, of each, one 
wo h 7 is Feet got Parts of 100 given ; 


That's the Solid Content? Anſw, Feet 3.39 Hundredths. 


For, As 1. Square of 1.25 :: 21.75 -- Feet 3.39: That is, 
the Extent from 1 to 1.25, being turned two Times from 21.75, 
will reach to 3.39, the Solid Content required, 


Example 6. A Parallelopipedon, or a Quadrangular Priſm, 
whoſe Baſes are two equal Long-ſquares in each, : 
The | Breadth is - - - - 1.6 
Depth is - - - 2.5 f Feet given. 
And Length of the Solid 15.5 

| What's the Solid Content? Anfw. Feet 62. 

For it is, As 1+-1.6: : 2.5 > Tiny the Area of the Baſe. 
Then, As 1+-4 : : 15.5 + 62 Feet, Solid Content required. 
In like Manner may the Solid Content of any Priſm be 

found, let its Baſe be of what Form ſoever ; for its Area may 

be found by Prob. 20, 21, 22, 23, 24, 25, 26, or 27, and 
the Solid Content of the Priſm, by the General Rule in Problem 
the 3ift, Prob, 
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Prob. XXXII. The Dimenſions of a Pyramid given 1 find the 
| Solid Content. | 


Definition 1. A Pyramid is a ſtrait Solid, having only one 
Baſe, and the other End a Point, called the Vertex. | 

2. A Pyramid takes its Sur-name from its Baſe, as a Round, 
an Elliptic, a Triangular, a Quadrangular, or a Multangular - 
Pyramid ; all are meaſured by this General Rule. 

As 3+: Area of the Baſe : : Length · Solid Content. 

Note, By Length underſtand a Perpendicular from the Vertex 
to the Baſe, and not the Length of the Pyramid on its Surface or 
outſide from Vertex to Baſe. 

Example, A Round Pyramid, called by ſome a Cone, whoſe 

iameter at Baſe = - - - - „„ 
Perpendicular Length - 30 F 0 

What's the Solid Content? Anſw. 3465 Inches. 

For the Area of the Baſe is Inches 3464; by Prob. 20. And, 

Then; As 3. 346.5: ; 30++ 3465 Inches, which is the Solid 
Content required, 

The like do for any other Pyramid, which I paſs over, having 
given ſix Examples in a Priſm, and leave you to apply them here. 


Prob, XXXIII. The Dimenſions of a Priſmaid given; to find the 
. Solid Content. 


Definition 1. A Priſmoid is a ſtrait Solid having two unequal 
Baſes or Ends, but are parallel, like, and a- like ſituate. 
2. A Priſmoid, is as various as a Priſm, and is no other than 
the Fruſtrum of a Pyramid. | 

3. Fuſirum of a Pyramid, is the lower Part of it, when the 
upper Part of it is cut off parallel to the Baſe ; and all of them 
may be meaſured by this General Rule, 

1. Multiply the Area of each Baſe together, and extract the 
Square Root of the Product. 
2. Add the Area of each Baſe and that Square Root into 
one Sum : Then, 
5 Say, as 3 · that Sum: : Length · Solid Content. 

ut for a Square Priſmoid, take this Particular Rule, 

1. To the Square of each Side, add the Product of the Sides 
into one Sum: Then, 
Say, As 3 that Sum: : Length -- Solid Content. 

And for a Round Priſmoid this is the Rule. 


1. Add 


| 
| 
| 


— 


* 
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1. Add the Square of each Diameter, and the Product of the 
two Diameters into one Sum : And then, 

2. Say, As 3.82 -» that Sum : : Length -- Solid Content. 

Or more largely thus, As 3.8197, is to the aforeſaid Sum; ſo 


is the Length, to the Solid Content. | 


Example 1. A Square Priſmaid, (or the Fruſtrum of a Square 
Pyramid) whoſe | 


Greateſt "FL" 7 + be 
Leaſt F Side is 9 + Inches given 
Perpendicular Length C bo 


What's the Solid Content? Anſw. 8820 Inches. 


| I5 15 225 Square. 
For; As 1 · 5h | 9 1 81 Square. 
9 15 135 Product. 


— — 


Sum of the two Squares and Product is 441 Inches; 


Then, as 3. 441: : 60 8820 Inches, the Solid Content 


requir ed. 


Example 2. A Round Priſmeid (or a Fruſtrum of a Cone) 


* Greateſt 
"gow oo] 1.8 


0.9 Feet given; 
Perpendicular Length is { 60.0 . 


What's the Solid Content? Anſw, Feet 69.25, 


1.5 1.5 2.25 Square. 
Vers fat 1 "Fl ſear Ns. 
0.9 1.5 1. 35 Product. 


—— — 


Sum of the two Squares and Product is—4.41 Feet. 


Then, as 3.82 ++ 4.41 : : 60+: 69.25 Feet, the Solid Content, 


Example 3. An Elliptic Priſmoid, or the Fruſtrum of an Elliptic 
Cone, whoſe 


Greateſt Diameter at Top, Inches 7.5 
Leaſt Diameter at Top - - - - - 


5. 
Greateſt Diameter at Bottom - 8.7 þTenths given. 
Leaſt Diameter at Bottom - - 5.8 


- . Perpendicular Length — Inches 47.0 
What's 
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What's the Solid Content? Anſw. 1617.4 Inches. For, 
A 1. $5: . 1 5 { 37-5 Area of Top Square. 
38.1 18.7 50.46 Area of Bottom Ditto. 
As 1. 37+5 :: $0.46 ++ 1892.25 whoſe Square Root is 43.5 . 
Area at Top - - - - 37.5 
Area at Bottom 50.46 
| Sum is — 131.46 
Then; As 3.82 ++ 131.46 : : 47. 1617.4 Inches the Solid 
Content required. | 
If the Baſes of the aforeſaid Priſmoid had been long Squares, 
the Work is the ſame, except only in the laſt Proportion; and 
having the fame Dimenſions, its Solid Content is Inches 2060, 
very near, for it is thus, 
As 3-+131.46 : : 47 ++ 2059.5 Inches the Solid Content, 


Prob. XXXIV. The Dimenſions of a Pyramiduid given; to find 
| of ings its Solid Content. r 


Definition 1. A Pyramidoid is not a ſtrait Solid, it hath only 
ene Baſe, and ends ina Point called the Vertex, but the outſide 
from Baſe to Vertex, is convex, either Spheroidic, Parabolic, or 
Hyperbolic, Cc. | 

2. A Pyramidoid, takes its Sur-name from its Baſe and out- 
fide; as a Spheroidic, Parabolic, or Hyperbolic, Round Py- 
ramidoid; and fo of the reſt, as in a Pyramid; all may be 
meaſured by this one General Rule; 

As 1.5+- Area of the Baſe : : Length . Solid Content, when 
a Spheroidic Pyramidoid ; but if 

Parabolic 8338 
Hyperbolic The firſt Term is re 
Example. A Round Pyramidoid, called by ſome a Conoid, whoſe 
Diameter at the Baſe - - - - 211 * ; 
Perpendicular Length - - 301 : 


| Spheroidic ? 6930. 
What's the Solid Content, cd Parabolie ? f Anſw. | 5197.5 
Hyperbolic ? 4331.2 
The Area of the Baſe is Inches 346.4 Tenths, by Prob. 20. 
And then it's, l 


ſ A 6930 Spheroidic Solid 

As 4 2. d 346.4: : 30 41655 Parabolic \ Content in 

2.4 4331.2 Hyperbolic Inches. 
Note, "The above Rule (there being no exact one) for the Hy- 

perbolic Conoid is'only an Approximation, which however gives 


the 5c!:d Content very near the I ruth, More 
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More Examples I think here needleſs, having given ſo many 
in a Priſm, and the Rule for this and that being ſo much alike. 


Prob. XXXV. The Dimenſions of a Fruſtrum of a Parabolic Py- 
ramidhid given ; to find the Solid Content. 


' Definition. Fruftrum, is the lower Part of a Pyramidoid, 
eut parallel to it's Baſe, 


A General Rule. 


Multiply the Square of the leaſt Diameter by the perpen- 
dicular 3 divide that Product by the Difference of the 
Squares of the Diameters, and call the Quotient your firſt Num- 
ber; add this firſt Number to the perpendicular Length of the 
Fruſtrum and call the Sum your ſecond Number: Multiply this 
ſecond Number by the Square of the greater Diameter, and from 
the Product, ſubtract the Product of your firſt Number by the 
Square of the leſſer Diameter, then ſhall 5 of the Remainder be 
the Solid Content required. | 


Example. The Fruſtrum of a Round Parabolic Pyramidoid, 
(or the Fruſtrum of a Parabolic Conoid) whoſe 
Diameter at Top - - - - 4 
Diameter at Bottom - - - of Inches given, 
Perpendicular Length - - 48 
What's it's ſolid Content? Anfw. 998 Inches, | 
For, According to the above Rule, the firſt Number will be 
found to be 38.4, which added to 48, the Length of theFruſtrum 
ives 86.4 for the ſecond Number, which multiplied by the 
. of the greater Diameter 36. gives 3110.4, from which 
ſubtract the Product of the firſt Number by the Square of the 
leſſer Diameter, which is 614.4, and there remains 2496, two 
fifths of this is 998.4 the Content required. 


Se. V. The Application of the whale, in meaſuring Board, Glaſs, 
Plaiſtering, Painting, Paving, and Land, Timber and Stone, 
Gauging of Caſts, and a Ship's Hold. | 


1. BO or Plank, Glaſs, and flat Stone, are meaſured by 
the Foot Square, or Superficial Foot, containing 144 
Square Inches, or 12 Times 12; ſo that to know how many 
Square Feet are contained in the Arca, or Content of any Su- 
perficies taken in Inches, the Proportion is this : 
As 144 ++ 1 : : Content in Inches... Content in Feet. 
But the eaſieſt Way, is to have the Foot of 12 Inches divided 
decimally into 100 Parts, called Foot Meaſure ; and by ſuch a 


Foot, 
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Foot, to take the Dimenſions of the Thing you would meaſure 
or know the Content of, in Feet. | 

Then conſider, if the Thing to be meaſured be a Circle, 
Triangle, Square, Long-ſquare, &c. the Rule proper for ſuch 
a Figure (in Seton 3. of this Chapter) directs to find the Area, 
That is, | 1! 

If the Thing to be meaſured be a Circle, then Prob. 20 or 
21 fheweth how to find its Area; if its a Triangle, then Prob. 
24 gives a Rule to find the Area; if a Parallellogram Prob. 25 
hath a Rule to find its Area, whether it be a Square, a Long- 
ſquare, 'a Rhombus, or Rhomboid ; now Floors and Cielings 
of Houſes are generally Squares, or Long-ſquares ; alſo Boards, 
Planks and flat Stones, are commonly Squares or Long- ſquares; 
if a Trapezium, then Prob. 26 ſheweth how to meaſure it; if it 
be an Ellipſis, Prob. 27 hath a Rule for its meaſuring, and ſuch 
are oval Tables; and if the Thing to be meaſured be a Parabola, 
then Prob. 28 ſheweth how to find its Area, 4 

2. Plaiſtering, Painting, and Paving are meaſured by the Yard 
Square, containing nine Square Feet; and therefore after you 
have found the Content in Feet, the Proportion is this, 

As - I : : Content in Feet -» Content in Yards. 

. Timber is meaſured by the Cubic Foot, containing 1728 
80110 Inches; and when the Content of any Solid Body is 
known in Cubic Inches, to reduce them into Cubic Feet, which 
is the Timber, or Stone Foot, the Proportion is this, 

As 17281: : Cubic Inches · Solid Feet. 

But meaſuring the Dimenſions of a Solid by the aforeſaid De. 
cimal Foot, the Rules proper for it (in Sec. 4. of this Chap.) as 
a Sphere, Priſm, &c. finds the Solid Content in Feet ; 

That is, if it be a Sphere, then Prob. 29 hath a Rule to find 
its Solid Content, ſuch are Bullets, and Granadoes uſed in great 
Guns, Mortars or Bombs. | 

If a Spheriod, then Prob. 30 ſheweth the meaſuring of it, and 
ſuch are Things in Shape like an Egg, whoſe Ends are equal. 

If a Priſm, then Prob. 31 directs its Meaſurement, and by 
this all ſtrait Pieces of Timber or Stone, whoſe Ends are alike 
and equal, are meaſured. 

If a Pyramid, then Prob. 32 ſhews the meaſuring it, and ſuch 
are Spire Steeples, and all ſtrait Solids ending in a Point atone End. 

If a Priſmoid, then Prob. 33 ſheweth its meaſuring, and ſuch 
is all Taper Timber, whether Round or Square. 

If a Pyramidoid, then Prob. 34 ſheweth the meaſuring of it, 
and ſuch is the Half of all Caſks, if they were continued from 
the Bung by the Head, till they end in a Point. 


It 
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If a Fruſtrum of a Parabolic Pyramidoid, then Prob. 35 ſerves 
to meaſure it, and ſuch are cloſe Caſks, if cut in Halves through 
the Bung, and parallel to each Head y fo that by this Problem is 
taught the Way of finding the half Content of a Caſk, whoſe 
double is the whole Solid Content: But a more particular Rule 


for Gauging a Caſk, followeth in the next Problem. 


4. Land is meaſured by the Rod or Pole, containeth in Length 
Feet 163, and a Square Rod is Feet 2724, an Acre of Land 


- containing 160 Square Rods. 


Now the readieſt Way to caſt up the Content of Land in Acres, 
is to take the Dimenſions by a four Pole Chain, decimally di- 
vided, that is, into 100 Links, then the Rule in Se. 3. of this 
Chap. proper to the Form of it, whether a Triangle, Square, 
Long-ſquare, Rhombus, Rhomboid, or 'Trapezium, finds the 
Content in Square Chains, which are turned to Acres thus; 
As 10++.1 : : Square Chains ++» Content in Acres. 

5. Gauging is by the Gallon, and that either Beer, containing 
282 Cubic Inches, or Wine 231: Then to ruduce Cubic Inches 


into Gallons of either Kind, the Rule is; 


o chat the Dimenſions of any Solid Body taken in Inches, 
the proper Rule for that Body, finds its Content in Inches, 
and the Rule above finds the Gallons of Beer, or Wine it will 
hold. 


Prob. XX XVI. 6. To Gauge a Caſt, taken as the middle Fruſtrum 
| of a Spheroid, iz 


As = c I:: Cubic Inches. Gallons of | _ h 
S 


The Rule. xt. Add twice the Square of the Bung-Diameter, 
and once the Square of the Head, into one Sum, Then ſay, 

2. As 3.82 + that Sum : : Length . Solid Content of the Caſk 
in Inches; and then the Gallons of Beer, or Wine, are found 
by the foregoing Rule. Or thus, 

1. Say, As 1 ++ 0.7 :: Difference of Head and Bung a 
Fourth Number. c 

2. That 4th Number add to the Head Diameter, the Sum is 
a Mean Diameter: Then ſay, | 


As} . g „Sg. Mean Diam. : : Length .. yy { Gallons 


17.15 Wine 
Example. A Caſk whoſe Bung Diameter is 23. 
ͤ—T „ 0 Inches given 
„ 27.44 


What's the Content thereof in Beer, or Wine Gallons? 
5 Hnſwer - 
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Anfwer. Beer Gallons 36.99, or Wine Gallons 45.5. 
As 1. 0.7: : 3.1. 2.17, which added to 19.9; makes The 
Mean Diameter to be 22.07, Then, ; =: 
As} 18:95} .. Square 22.07 f: 27.4 { 3999 Bent | Gallons, 
That is; the Extent (upon Gunter's Line) from the Firſt 
Term to the Second, twice turned over from the Third, gives 
the Gallons required, | 


Problem XXXVII. 79. To meaſure a Ship, that is, to find ber 


Tunnage. 


The Rule. 1. Say, as 1. Breadth : : Half Breadth +» Fourth 
Number. AE 6 C 

2. Then; As 94 ++ 4th Number:: Length. Tuns required. 

Example. A Ship 75 Feet by the Keel, and 23 Feet by the 
Beam: What's her Tunnage? Anſw. 211 Tuns. 

For, As 1. 231: 11.5 ++ 264.5, the 4th Number, 

Then, as 94 ++ 264.5 :: 75-+211 Tuns required. 


- 


$ To meaſure Bales vr Caſes, vr to give the Tunnage of them; 
they are Priſms, and their Dimenſions taken by the Decimal 


Foot; the Content in Cubit Feet is found by Problem 31. 
And then ſay, 


As 66+ x :: Cubit Feet. Tuns required, 
Or thus, As 66 · Area Baſe : : Length . Tuns required, 


Breadth 4+2 
Example. A Bale whole Depth * F er] 2.6 Piven 
Length 5.7 
What's the Content in Tuns? Anſw. 0.943 Parts, For 
As 1. 4.2 :: 2.6 1092 Area of its Baſe: Then, 
As 66 ++ 10.92: : f. 7. Tuns, o. 943 Parts required, 


Note, That 66 Feet is the Content of a Caſe that incloſeth 
two Engliſh Butts, ſo that this Rule includes the Cantlings of the 
Caſe, which is better than 4 Part; therefore allowing the Cant- 
lings or Vacancy to be 26 Feet, the remaining 40 Feet is to bs 
counted for a Tun: And, 

Then will the foreſaid Bale contain Tun 1.556 Parts, For, 

The Rule is, As 40 · the Area Baſe : : Length +» Tuns req. 

As 40 · Area Baſe 10.92 : : Length 5.7 · Tun 1.556 Parts. 

So much for Geometry; Trigonometry is next in order to be 


learned. | 
0 y C | Chay. II. 
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Chap. II. Containing ibe Docirine of Plain-Triangles. 
7 Rigonomttry, is that part of Geometry, which treats more par- 
ticularly about the meaſuring of Triangles; wherein havin 
three Things given, either all Sides, or Sides and Angles, or An- 
gles only in Spherics; a 4th (Side or Angle) may be found; 
and is either Plane or Spheric; It's the ſormer we begin with. 


Section I. 07 Things neceſſary is be underſtaod, relating to Plane 
Trigonometry, 


'7 A Triangle, is any Three corner'd Figure; it conſtſteth of 
Six Things, Three Sides and Three Angles, and is either 
Plane or Spheric. 

2. A plane Triangle is projected on a Plane or Flat Super- 
ficies, and therefore its Sides are Right- lines; but the Sides of a 
Spheric Triangle, art Ates of the Sphere, of which more in the 
Chapter of Spheric Trigonometry. 

3. An Angle is the meeting of any two Lines, making a Cor- 
ner; and is either a Right angle, containing juſt go deg. or 
Oblique, more than go des. called an Obtuſe-Angle, or leſs than 
9o deg. called an Acute-angle. 

4. When two Lines erottng one another, make the Angles 
on every Side equal, then thoſe Angles are Right, and the Lines 
are perpendicular to each other. 

5. A Degree, is the 300th Part of the Periphery of any Circle; 
the half 180 is a Semicircle, and the qth Part, go, is called a 
Quadrant; Alſo a Degree containeth 60 Min. and a Min. 
- Seconds, Cc. as in Prob, IX. Defin. 1. of Geometry, in 

1. por Gage? 

6. By Complement of any Number of Degrees, underſtand 
what thoſe Degrees want of 9o; and by Supplement, what they 
want of 180, Ry 

7. A Triangle, is either Right-angled, Having one Right- 
angle; or Oblique, having no Right-angle, 

8. In a Right-angle-triangle, the Side oppoſite to the Right- 
angle, is called the Hypothenuſe, and the two Sides containing 
the Right-angle, are called Legs. | | 

9. In all Plane Triangles, the Sum of the three Angles is 
equal to 180 Degrees, vu ST = | 
© 10. The Angles (of a.Plane-Triangle} being given, the Pro- 
portion of the Sides only can be determined; therefore, 


11. Ig 


| 
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11. In a Right-angle-triangle; two things given (one of 
them a Side) are ſufficient to find a Third: But, 

12. In Obligne Triungles three things, and one of them a Side, 
muſt be given to find a Fourth. - | | FIN 
FS Three Letters dez an Angle; as BAC ſignify the An- 
gle A; And two Letters a Side, AB ſignify the Side AB, c. 

14. Given Things, whether Sides or Angles, are marked with 
a Daſh, thus ('.) and required Things, with a Cypher, thus (“.) 


15. ; * ( after any Number ſignifies 3 — | thus 
26d. is 25 Degrees, and 31m. is 31 Minutes. | 
= | Sine. 
8. e. | Sine Complement, or Co-Sine. 
8 | Tangent. 
Fe. Tangent-Complement, or Co- Tangent. 
Sec. ſtands for Secant, | | s 
See. e. E Secant Complement, or Co-Secant. 
Co. Ar. a Complement Arithmetic. 

| is to, or to the 


ſo is; As thus, 2,4: : 3-6 
That is, As 2 is to 4, ſo is 3 to 6. 
16. There are ſeven Caſes in Right-Angle-Triangles, and 
ſix in Oblique. Their Solutions follow; but firſt of Right- 
Angle-Triangles. 


Section II. The firft Axim, and the ſeven Caſes of Plane Right 
| Angle-Triangles depending thereon, 


Axiom 1. IN all Plane Right-Angle-Triangles, if, one of the 
Sides be made Radius, the other two will be either 
Sines, Tangents, or Secants ; That is, 

. If the Hypothenuſe be Radius, each Leg is the Sine of 
its oppoſite Angle. See Plate 2. Fig. 1. marked for the firſt 
Axiom. 

2. If one Leg be Radius, the Hypothenuſe is a Secant, and 
the other Ley is a os wy of the Angle oppoſite to this Leg, 
See Plate 2. Fig. 2. titled for the firſt Axiom. 

Note 1. To find a Side, any Side may be Radius, ſaying thus; 

As the Word on the Side given, is to the Side given ; 

So is the Word on the Side required, to the Side required, 

Note 2, To find an Angle, make one of the given Sides 
Radius: Then fay, 5 

As one given Side, is to the Word on it: 

So is the other given Side, to the Word on it. 5 

C 2 Obſerve 
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- Obſerve to begin with the Side made Radius. 


And what Proportion the Side (made Radius) hath to Radius: 
the ſame hath the other Sides, to the Sines, Tangents, or Secants 
by them repreſented; and the contrary : And, — 

Theſe two Notes (to the diligent Reader) are ſufficient ,to 
frame any Proportion by the firſt Axiom, making any Side of a 


Right-Angled Triangle the Radius. 


Problem. I. Caſe 1. The Angles, and Hypothenuſe given; to find 
8 either of the Legs. 
Examp. In the Right-Angle-Triangle ABC, * 2. Fig. 1. 
Hypoth. AC 121 Leag. I en 2 , 
The Angle BAC 54d. 3om. | given Leg BC T required. 
This Triangle is made by Prob. 10. of Geometry, in Page 17, 
I you make the Hypothenuſe AC Radius, the Proportion (by 
Axiom 1. and Note 1. is thus, | 
As Radius, is to the Hypothenuſe AC; ſo is the Sine of the 
_ BAC, to the Leg BC. Or thus briefly ; 


Radius +» Hypoth. AC:: S. BAC .. Leg BC. 
8. god,.——121 Leag. 54d. zom. 
9.910686 
2.082785 
—— eag. 


| | 11. 99347 1198.51 Parts, | 

To work Proportions by Logarithms, obſerve this 
General Rule Add the Logarithm of the Second and Thir 
Terms together; and from that Sum ſubtract the Logarithm of 
the firſt Term, the Remainder is the Logarithm of the fourth 
Term, or Number fought, oh 
As in the foregoing Proportion, the Sum of the Logarithms of 
the ſecond and third Terms added together is 11.993471, from 
which it iseaſy to ſubtract the Logarithm of the firſt Term (be- 
ing Radius) % cancelling (cutting off, or leaying out) the firſt 
Figure to the Left-hand, and then it is r1.993471, which brings 
forth 98.5 1; that is, Leagues 98.51 Parts of 100 for the Leg 
BC, the fourth Teri, or Side required, | 


4 
4 


By Gunter's Scale, thus, 


Radius . AC 2 8. BAC „ BC. That is, 
S. god-- 121 Leag. :: S. 54d. 3om. .. Leag. 98.5 Tenths. 
That is to ſay, the Extent from Sine god. (on the Line of 
Sines) to 121 Leagues (on the Line of Numbers) will reach from 
8 ; Sine 
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Sine 54d. 3om. (on the fame Sines) to Leagues 98.5 Tenths, 
(on the Line of Numbers) for the Leg BC, nearly as above. 
Obſerve the like in all that follows, except in thoſe Propor- 
tions wherein is the Word Secant, which is wrought only by the 
Logarithms. n 36 9 TS | - 
The three ſeveral Proportions, making each Side Radius, to 
fad the Leg BC, are theſe which follow. 


Radius ++ S. BAC $4 ; 
Sec. BAC .. T. BAC f:: Hypothenuſe AC . Leg BC. 
Sec. ACB . Radius | 
Likewiſe to find the Leg AB, they are theſe following: 
Radius + S. ACB | 

Sec. BAC. Radius : : Hypothenuſe AC. Leg AB, 
Sec. ACB. T. ACB 9 — 


Note; When Radius is not the firſt Term in the Proportion, 
then take the Complement-Arithmetic of the Logarithm of the 
firſt Term ; (which how to find, is ſhew'd in Chap. 1. Sect, 2. 
Propoſition 9. of the Uſe of the Table of Sines, Tangents and 
Secants, in Page 300.) This Comp. Arith. or Co. Ar. add to 
the Logar. of the Second and Third Terms, and from the Cha- 
racteriſtic of their Sum ſubtract 10 or 20, the remaining Figures 
is the Logarithm of the Fourth Term ſought ; as may be ſeen in 
the following Proportion in Problem II. 


Prob, II. Caſe 2 and 3. The Angles and one Leg given; to find 
the Hypothenuſe, and the other Leg. 


Example, In the Right- Angle-Triangle ABC. Plate 2. Fig. 2. 
n Angle ACB 35d. zam. 3 p. AC 
The Jeg BC 98 — . { given $22 abs — 
This Iriangle is made by Prob. 12 of Geometry, P. 17 & 18. 
t. To find the Hypothenuſe AC, make it Radius, and the 
| Proportion (by Axiom 1. and Note 1.) is thus, 
As the Sine of the Angle BAC, is to the Leg BC; ſo is 
Radius, to the Hypothenuſe AC. Or thus, 
S.BAC .. Leg BC : : Radius -- Hypothenuſe AC. 
54d, 3om. 98 Leg. — 


10.000000 

1.991226 

L Co. Ar. 0.089314 
— —)/Leag. 

f ( 
* : | xF2.080540\ 120 + 


S e | C 3 | By 


— — — 


The I. AC 121 
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pe,” By Gunter's Scale, thus; 
S. BAC. Leg BC. : : Radius -- Hypothenuſe AC. That is, 
8. 549. 30 -- 98 L.:: S. god. Leagues 120.4 Tenths, 
hat is, the Extent from Sine of 54d. 3om. (on the Line of 


Sines) to 98 Leagues, on the Line of Numbers) will reach from 


Sine of god. to Leag. 120.4 Tenths, the Hypothenuſe required. 
The three ſeveral Proportions, making each Side Radius, to 
find the Hypothenuſe, are as follow, 
8. BAC. Radius | = 
T. BAC -- Sec. BAC :: Leg BC. Hypathenuſe AC. 
Radius + Sec. ACB = 
And to find the Leg AB, they are theſe 
8 B&CO-$. AER 
T. BAC. Radius { :: Leg BC. Leg AB. 
Radius T. ACB 


Note; In working by Gunter, when a Tangent is mentioned, 


the Radius then is the Tangent of 45d, as in the two laſt Pro- 
Þ' Ttions, it is, | 


As T. BAC. Radius:: Leg BC „Leg AB. Which is, 
T. 54d. 3om. ++ T.45d.: : 98 — Leag. 69.9 Tenths. 


5 That is, the Extent from 54d. 30m. to 45d. (on the Line of 
Tengeris) will reach from 98 Leagues, to Leagues 69.9 Tenths 
on the Line of Numbers, for the Leg AB. ; 


As Rad.. T. ACB : :.Leg BC. Leg AB. Which is, 
J. 45d. T. 35* 30': : 08 Leag. +: Leag. 69.9 Tenths. 
That is, the Extent from T. 45d. to T. 35d. 30m. will reach 


from 98 Leagues, to Leagues 69.9 Tenths, as before. 


Prob. III. Cafe 4 and 5. The Hypothenuſe and one Leg given, to 
find the Angles and the other Leg. 


Example. In the Right-Angle-Triangle ABC, Plate 2. Fig. 2. 
Leagues wen ACB or BAC r 
Leg. AB 69 es gien and Leg BC Fs 
This 1 riangle is made by Preb. 11 of Geometry. Page 17. 
1. To find the Angles, 
If you make the Hypothenuſe AC Radius, the Proportion (by 
Axiom 1. and Note 2.) is thus; | | RY 
As the Hypothenuſe AC, is to Ratius ; ſo is the Leg AB, to 
the Sine of the Angle ACB. Or thus, 
Hypot. AC.. Rad. : : Leg AB.. S. ACB. 
121 Leag. „god. :: 69 Leag. . S. 34d. 46m. Which 
Subtract from — god. oom. 


Remainder is the Angle BAC — 55d, 14m. by the gth of 
$22, I. of this Chapter in Page 34. 5 And 
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And if the Leg AB is Radius, then the Proportion (by Axiom 1. 
and Note 2.) is thus. | 

As the Leg AB, is to Radius; ſo is the Hypothenuſe AC, to 
the Secant of the Angle BAC. Or thus, 

AB 69 Leag. + Radius:: AC 121 Leag. . Sec. BAC 55d, 
14m. +7 

. This Proportion is not wrought on the Gunter becauſe 

of the Word Secant in the 4th Term; but being wrought by the 
Tables (as before directed) will produce the Angle BAC 55d, 


14m. as above; which ſubtracted from god. gives 34d. 46m. for 
the Angle ACB, as before. | 


2. The Leg BC may be found by the 1| or 2d Caſe ſeveral 
Ways: As thus, | 

Radius + AC:: 8. BAC 

S. ACB AB:: 8. BAC | 

Radius . AB « T. BAG f * BC Leag. 99-4 Tenths. 

Sec. ACR-.. AC : : Radius 

T. ACB . AB:: Radius 


Problem IV. Caſe 6 and 7. The Leg given; to find the Angles, 
and Hypothenuſe. 


Example. In the Right-Angle-Triangle ABC. Plate 2. Fig. 4. 
The Le } AB ge © Lea ven: J ers Fre 
8 BC 69 8. Swen: / and Hypothenuſe AC 13 
This Triangle is made by Problem 13. of Geometry. 
1. Make the Leg AB Radius, and the Proportion (by 
Axiom 1. and Note 2.) is thus, 
As the Leg AB, is to Radius; ſo is the Leg BC, to the Tan- 
gent of the Angle BAC. Or thus, | 
Leg AB. Leg BC :: Radius. T. BAC. 
80 Leag. -: 69 Leag.:: T. 45d. T. 35d. om. which 
ubtract from — — q dd. oom. 


The Remainder is — — 54d. 5Im. the Angle 
ACB by the gth of S210 I. of this Chapter, in Page 35. 

And if the Leg BC be made Radius, the Proportion is thus ; 

bee BC. Leg AB:: Radius . T. ACB. 

69 Leag. 98 Leag.:: T. 45d. T. 54d. 51m. as before 

Which being ſubtracted from go, leaveth 35d. ogm. for the 


Angle BAC. Either of theſe Proportions is ſufficient to find 
both Angles, 


C 4 2. The 


„„ glam ----.- = 


required, | 
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2. The Hypothenuſe AC may be found (by the 2d Caſe) 


ſeveral ways. 


Firſt, Making the Hypothenuſe AC Radius; thus, 


1 _ _ 2 Radius 50 Hypothenuſe AC. 


Secondly, Making the Leg AB Radius, thus, 
Radius AB? 

F oP: BAC ay BC . . Sec. BAC EV Hypothenuſe AT 

Thirdly, Making the Leg BC Radius, thus, 

i „ 
1 „AB F Sec. ACB -- Hypothenuſe AC. 
Theſe fix Propoſitions, if the Learner works them, he'll find 
them all produce Leagues 119.8 for the Hypothenuſe AC. 


Note; The 5th and 7th Caſes may be performed by the 47th 
Propoſition of the Fir Book of Euclid's Eliments, which proves 
the Square of the Hypothenuſe, is equal to the Sum of the 
Squares of the two Legs ; Therefore, 


1. Ry common Arithmetic, extracting the Square Root; the 
Rules are theſe, 

Fir/t, In the fifth Caſe to find a Leg; when the Hypothenuſe, 
and one Leg is given ; thus, | 

The Square Root of the Difference of the Squares of the Hy- 
pothenuſe and Leg, is the other Leg, | 

Secondiy, In the 7th Caſe to find the Hypothenuſe, when both 
the Legs are given; thus, | 

The Square Root of the Sum of the Squares of both Legs, is 
the Hypothenuſe, 


2. By Logarithms in theſe two Rules following. 

Firſt Rule, When the Hypothenuſe, and one Leg is given, to 
find the other Leg; thus, | 

Half the Sum of the Logarithms of the Sum, and Difference 
of the Hypothenuſe, and given Leg, is the Logarithm of the 
Leg required. 

Second Rule, When both Legs are given, to find the Hypo- 


thenuſe, it is thus, 


From the double Logarithm of the greater Leg, ſubtract the 
Logarithm of the lefſer Leg; the abſolute Number anſwering to 
it, add to the leſſer Leg; half the Sum of the Logarithms of 
that Sum, and leſſer Leg, is the Logarithm of the Hypothenyſe 


Example 
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Example 1. The Hypothenuſe AC 121 Leagues, and the Le 
AB 69 ues z What is ao Leg BC by the Square Root? 1 


Hypothenuſe A - - - - 121 And Leg AB - 69 
121 69 
121 | 621 
242 414 
—— Cquare of AB is 4761 
Sauare of AC is 14641 
Sguare of AB is 4761 


Diff. of the Squares is 988099. 39 is the Leg BC. 
| 81 


189) 1780 
1701 


1983) 7900 
5949 


x 369) 195100 
, 178821 


i 


Remainder i- 16279 
So that the Leg BC is Leagues 99.39 Parts of 100, 


By Logarithms, thus, 


The Hypothenuſe A C - - - - 121 Leagues. 
The given Leg AB - - - - 69 Leagues, 


Sum of A C and AB = - - 190 its Logarithm is 2.278754 


Difference of AC and AB — 52 its Logarithm is 1.716003 


The Sum of the Logarithms i 3-994757 
The half Sum of theſe Logarithms - - 1.997378 


Whoſe abſolute Number is 99.39 ; that is, Leagues 99-39 
Parts of 100 is the Leg B C, as before. 


Example 2. The Leg AB is 98 Miles, and the Leg B C 69 
Miles given ; What is the Hypothenuſe AC? by the Square _ 
c 


422 Plane Trigonomeny Ollie Chap. II. 
The Leg * And Leg B = - 69 


784 FEY 
882 414 


— — 


Square of ABis - - 9604 Square of BC - - 4761 
Square of BCis - - 4761 


Sum of the Squares is 1436501 19.8 that is 119 Leagues fs 
I is the Hypothenuſe AC. 


7 
210043. 
21 

1 — 

229) 2265 

2061 


2388 20400 

19104 

Remainder is - - - - 1296 
By Logarithms, thus, 


The greater Leg AB 98, its Logarithm is - - - 1.991226 
Multiply its Logarithm by - - - - - - - - - 2 


The double . of the Leg A B is - - - - 3.982452 
The leſſer Leg B C 69 Miles, its Logarithm is — 1.838849 


Abſolute Number 139.2 anſwering the Logarithm is 2.143603 
Sum is - - - 208.2 its Logarithm is - - - - 2.318481 
The leſſer Leg B C 69 Miles. its Logarithm is - - 1,838849 
The Sum of the two Jaft Logarithms is - - - - 4.157330 


The half is the Logarithm of AC 119 30 required 2.078665 


6eRion III. Three other Axieme, with the fix Caſes of Oblique 
Plane Triangles thereunto belonging. 
Axiom 2. JN all Plane Triangles, the Sides are in ſuch Pro- 


portion one to another, as are the Sincs of their 
oppoſite Angles to the ſame Radius, that is, 


1. As tke Sine of any one Angle, is to its o poſite Side; ſo is 
the Sine of any other Angle, to its oppoſite Jide. 

2. As a Side, is to the die of its oppoſite Angle; ſo is any 
other Side, to the Sine of its oppoſite Angle. x 


Note; 
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Note; To find 4 Side, begin with an Angle; but to fing an 
Angle, begin with a Side, | | 
ow this Axiom are drawn the Proportions for the Firſt, 
Second, and Third Caſes following. 


Prob, V, Caſe I. Of Oblique-angles, two Angles, and one Side 
given; to find either of the otber Sides. = 


\ * Exaniple In the Oblique Triangle BDC. Plate 2. Fig. f. 


A Fr 101d. 25m. CD 
The ngle ) CBD 44d. 42m. fave: Side] and hee 
Side - - BC 76 Yards BD 
This Triangle is made by Problem 14, of Geometry, in Pages 
18 and 19. 
1, The Proportion according to the Second Axiom for ſind- 
ing the Side CD, is this ; 
As the Sine of the Angle BDC, is to the Side BC ; fo is the 
Sine of the Angle CBD, to the required Side CN. Or thus, 
8. BDC -- Side BC : : S. CBI Side CD requireg. 
8. 101d. 25m, ++ 76 Yards : : S. 44d, 42m. ++ Yards 54-53 hund. 


180d. oom. 


8. 78d. 35m. f . 
ate; The Sine of Io1d, 25m. is found by ſubtracting it from 
180d. according to Chapter 1. Seftion 2. Propyſition 8. Of the 
Uſe of the Tables of Sines, Tangents, &c. in Page 300, 
2. To find the Side BD, the Proportion is, 
S. BDC. Side BC : : S. BCD Side BD. 


S. 10 id. 25m. ++ 76 Vards: : S. 33d. 53m. ++ Yards 43-23 hund. 


8. 78d. 35m. 
Problem VI. Caſe 2 and 3. Of Obligue-engles, 


Two Sides, and an Angle oppoſite to one of em giuen ; to find the 
other oppoſite Angle, and the third Side. 


Note ; The given Angle Obtuſe, the Angle ſought js Acute. 
But when the given Angle is Acute, and oppoſite to the leſſer 
given Side, then the required Angle is doubtful, whether Acute 

or Obtuſe, and ought to be determined before the Operation, 
Example, In the Obliqe Triangle BCD, Plate 2. Fig. * 
Ide 
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; BC 106 | Angle BDC Obtuſe, 
Side ; - Yards hen, 0 8 1 


, and the 
Angle BCD 31d. 49m. Side CD 
This Triangle is made by Prob. 15, of Geometry, in Page 19. 
1. For the Angle BDC the Proportion is, 

As the Side BD, is to the Sine of the Angle BCD ; ſo is the 
Side BC, to the Sine of the Angle BDC required. Or thus, 
Side BD --S BCD : : Side BC . S. BdCor BDC. 

65 Yards ++ S. 31d. 49m. : : 106 Yards-+S. 59d. 17m. which 
Subtrat from - - - 180d. oom. 


Remainder is the Angle BDC - - + 120d. 43m. 


Note; The Proportion produceth 59d. 17m. for the required 
Angle: But being Obtuſe, you muſt take its Supplement to 
180d. viz. 120d. 43m. as above is done. | 

2. Find the third Angle by the 9th of Sect. I. of this Chapter, 
in Page 34, then you may find the Side CD by the firſt Cafe. 

This Caſe hath been omitted by moſt, the Reaſon, I ſuppoſe, 
is the Doubtfulneſs of the required Angle; but if determined 
(before) to be either Acute or Obtuſe, the third Side is limited, 
and then may be a Caſe as well as any other; and the Propor- 
tions may be, 

S. BCD. Side BD ::S. CBD ͤ - Side CD, 
S. 31d. 49m. ++ 65 Yards : : S. 27d. 28m. +» Yds. 56.88. Or, 
8. BDC Side BC :: S. CBD „ Side CD. 
8. 120d. 43m. 106 Yds. : : S. 27d, 28m... Yds. 56.88 Tenths 
as before, 


Axiom 3-JN all Plane Triangles; as the Sum of two Sides, is to 
| their Difference; ſo is the Tangent of the half Sum 
of their two oppoſite Angles, to the Tangent of the half Diffe- 
rence of the ſaid two oppoſite and unknown Angles. Then, 

Add the half Difference of the Angles to their half Sum, finds 
the greater Angle; and ſubtract the half Difference from the half 
Sum, finds the leſſer Angle. 


Prob. VII. Caſe 4 and 5. Tuo Sides and their contained Angle 
given; to find either of the other Angles, and the third Side. 


Example. In the Oblique Triangle BCD. Plate 2. Fig. 7. 


BC 109 - BDC or 

Side BD | Leag. {ge . Angle BCD and {req 
Angle CBD 101d. 3om. Side CD 

his Triangle is made by Prob, 16, of Geometry, in Page 19. 

1. For 
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1. For the Angle BDC, and BCD, the Operation is, 
Side BC 100 The three Angles - - - - 180d. oom, 
f 435 70 ſSubtract the given Angle CBD 101d. 30m, 


Sum of Sides 185 | Sum is 78d. zom. 
Their Diff. 3 Tre 8 92 oppolite Angles z Sum 39d. 15m. 

Then, As the Sum of the Sides BC and BD, is to their Diffe- 
rence; ſo is the Tangent of half the Sum of the Angles BDC 


and BCD, to the Tangent of half their Difference. Or thus, 


Sum BC& BD Diff, BC&BD :: T. Sum Angles . T. Z Diff. 
185 Leagues .. 33 Leagues :: T. 39d. 15m. T. 8d. 17m. 
The half Diff. of tne Angles - - o8d. 17m. 


Added, is the greater Angle - - + 47d. 32m. BDC 5 
Subtract, is the jeſſer Angle 30d, 58m, — 9. 


2. The Proportion for the Side CD, (by the firſt Caſe of 
Oblique Triangles) may be this; 
8. BCD Side BD:: S. CBD «+ Side CD. 
S. 30d. 58m. -- 76 Leag. : : S. 101d. 3om. «« Leag-144-7Tenths, 


Axiom 4. FRO the half Sum of the three Sides, ſubtraqt each 
1 Side (but firſt that Side oppoſite to the Angle re- 
quired, then the reſt) ſeverally, noting the Remainders. Then, 
As the Product of the half Ns of the Sides, and firſt Remain- 
der, is to the Product of the other two Remainders ; fo is the 
Square of Radius; to the Square of the Tangent of half the Angle 


eppoſite to that firſt Remainder, 
Prob. VIII. Caſe 6. Three Sides given, to find an Angle, 
Example. In the Triangle BCD. Plate 2. Fig. 8. 


RC — 105 BDC 
The Side 1 BD - 85 Feet given: Angle BCD 14 
CD - 50 CBD 
This Triangle is made by Prob. 17 of Geometry, in P. 19 and 20, 
The Operation for the Angle CBD. Feet. 
BC 105, The half Sum - = 120 co. ar. 7.920819 
Side 85 85 The firſt Remainder 70 co. ar. 8. 154902 
C 


Arne other 2 Remain. 4 38 Logar. 1.544068 
Sum of Sides 240 ; | 15 Logar. 1. 176091 
2 their Sum 120 Sum 18.295880 


— ſꝛ—ä— 


From 4 Sum ) 70 Tangent 14d. 02m. — 1 Sum 9.397940 
Sab. each ide 35 Double 144. 02m. 
there remains] 15]Produceth 28d. om. the Angle —_ 

* his 
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This Axiom finds an Angle at one Operation, yet not being 
applicable to the inſtrumental Way of working Proportions, 
you have this foutth Axiom in other Terms; which finds an 
Angle at two Proportions, and may be wrought both Inſtru- 
mentally and Logarithmically. EI 

Axiom 4. Uſeful when hree Sides of a Triangle are given; 
to find an Angle, | 

As the longeſt Side, is to the Sum of the two ſhorteſt ; ſo is 
the Difference of the two ſhorteſt, to the Difference of the Seg- 
ments of the Baſe or longeſt Side. 

Note; Let fall a Perpendicular (from the Angle 1 to 
the longe/t Side, which divideth it into two Segments ; and the 
Obligue Triangle into two Right- Angled-Triangles. 

As in the aforeſaid Triangle BCD. Plate 2. Fig. 8. 

Let fall the Perpendicular DA, which makes the Segments of the 
Baſe to be BA and AC, and the two Right- Angled-Triangles 
BAD and CAD, and the Difference of the Segments BE, 

r. To find BE the Difference of the Segments of the Baſe. 


BD - - 85 Feet 
Shorteſt Sides = = 5 Tee 
CD - + 50 Feet 


Added, is the Sum of the two ſhorteſt Sides 135 Feet 
Subtracted, is their Difference 35 Feet 


Then, as the Side BC, is to the Sum of BD and CD; ſo is 
the Difference of BD and CD, to BE the Difference of the 
Segments BA and AC. Or thus, | 
Side BC. Sum BD &CD: : Dif. BD & CD.. BE the D. F. of Seg. 
CF. --  r27 het” >: | Je Fver 45 Feet. 

The Side Bf: 1c5 Feet 
Diff. Seg. BE 45 Feet 


Added, is 750 F575 BA the greater) Seg- 
Subtraftetl is Go 288852 0 50 AC the leſſer | ment. 
2. The Angles BCD or CBD, may be found by the 4th Cafe 
ef Right- Angled-Trianzles, in Page 38. Thus, 
' Hypothinyje BD +» Radius:: Lig AB. S. ADB. 

85 Feet S. od.: 75 Feet . S. 61d. 56m. 

Which fubtracted from 90d. oom. 


Remainder is the Angle CBD - 28d. 04tn. as before. 


Thus much for Plane Triangles; and to compleat Tritanos 
metry, Spheric ſhould be next. But I think the Application 
of this before the Doctrine of Sphetic, moſt conducible to the 
Learners, 
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Learner's Advantage: Thetefore will deſcend to the neceſſary 
Uſes of Plane Trigonometry in Plane. and Mercator's Salling, 
which will make way for Spheric Trigonometry. | 


— 


_— 
— —— 


EE 


CHAP. III. Plane Trigonometry applied in Problems 


of Sailing by the Plane Sea- chart, commonly called Plane 
Sailing. 


AN D that nothing may be wanting for the Accompliſhment 
of Navigation, we will begin now with the Gregorian Ca- 
lendar, and then the Uſe of the Plane Chart, before we apply 
Plane Trigonorhetry to Plane Sailing. 


Section 1. The common Notes of the Gregorian Calendar, or 
New-Stile, to find the Prime, Epact, Dominical Letter, Eaſter 
Day, the Moon's Age, Southing, and Time of High-water, 


Problem I. To find the Golden Number, Cycle of the Sun, and 


Roman Indiction. 


Definition 1. T HE Golden Number or Prime, is a Cycle or 

Revolution of 19 Yeats; in which Space of 
Time (it has been ſuppoſed) the Sun and Moon finiſh all their 
Variety of Aſpects; by this we find the Epact, and conſequently 
whatever thereon depends, 

2. The Cycle of the Sun, maketh its Revolution in 28 Years; 
in which Time all the Variety of Dominical Letters, and Leap- 
- Years expire, and the 29th Year this Cycle begins again 

which Number aflifts in finding the Dominical Letter for any 
Year, paſt, preſent, or to come, | 

3. Roman Indiction conſiſteth of 15 Years; for once in 15 
Years the ſubdued Nations were to pay Tribute to the Romans; 
a Thing.now out of Uſe with us, except in Chronology, 


The Rule ont of Mr. Street's Memorial Verſes on the Eccleſtaſtic 
| and Civil Calendar, | 


| When 1, 9, 3, to the Year hath added been; 


Divide by 19, 28, 15. _—_ 
Example. I would know the Golden Number, Cycle of the 
Sun, and Roman Indiction for the Year 1779. | 


The 


men 


The Year 1999 - - = - 1779 — - 1779 
Ad - - 


Gregorian Calendar. - 
The Operation. 


Chap. I n s ? 


" YE 6632 „% 9 — ww 0 3 
Sum is 1780 - - - - 1788 - - --- 1782 
19) — - (93 28) - - (3 15) - - (118. 

70 By 108 28 

(13) (24) 132 

; ; 3 : — 5 1 (12) 
Golden Number 13 
For the Year 75} Cycle of the Sun f is E 
ET. Roman Indiction 12 


Problem IT, To find the Epact until the Year 1799 incluſvve. 

Definition. The Epact is ix Days the Year of the Moon 
lacketh of the Sun's Year ; the Lunar being 354 Days, and the 
Solar, 365 Days. | 

Note 1. The Epact never exccedeth 29, alters every Year 11, 
and is uſed to find the Moon's Age, and Eafter-Day. 

Note 2. When the Golden Number is 1, the Epact is o, con- 
ſtantly ; when 2, then 11, Sc. | 

| The RULE tis, 

1. Find the Golden Number, by Prob. 1. 

2. Subtract 1 from the Golden Number, what reſts multiply 
by 11; reje& thirties, the Remainder is the Epact. 

Example. For the Year 1779, I demand the EpaQ ? 

To the Year 1779 add 1, and the Sum is 1780, which divide 
by 19, the Quotient is 93, and the Remainder is x3; ſo that the 
Golden Number is 13; ſubtract 1, there reſts 12, which 
multiply by 11, gives 132 ; from this Product ſubtract 120, 
the Remainder 12 is the Epact. | 


Problem I. I. To find the Biſſextile or Leap Year. 


The old or Julian Leap-Year, is every fourth Year, and ſo 
called from its leaping a Day more that Year, than in the com- 
mon Year; for in the common Year any fixed Day of the Month 
changeth ſucceſſively the Day of the Week, but in the Leap- 
Year, it leaps over one Day, Theſe Leap-Years (in the New- 
Stile) are continued exactly in the ſame Order and Succeſſion as 
heretofore ; the Centurics in the next Paragraph taken Notice 


of, only excepted, | | » 
Beſides 


dect. 1. Gregorian Calendar. | 49 


Beſides which, there is another kind of Leap-Year to be ob- 
erved in the Gregorian Account, viz, The Year 2000, 2400, 
800, and every Fourth Hundredth Year in this Succeſſion 
are to be eſteemed Leap-Years, and all other even Hundreds, 

hich by. Old Style are accounted Leap-Years, are in the pre- 
ent not to be accounted for Leap-Yeats. | 
Note. The common Year hath 365 Days in it, but Leap- 
ear of bath Kinds 366, and then February hath 29 Days, which 


on 


* 


common Vears hath but 28 Days. | 

Rule 1, For the Fulian common Leap-Years. 
Divide the Year by 4, what's left ſhall be, 
For Leap-Year o, for paſt, 1, 2, or 3. (# PEER 

Example 1. The Year 17793 is ita Common Year, or Leap- 

\ ear ? ; 700244 Ch 2 ai _ \ a 

4)1779(3 = the Remainder; or third Year after Leap-Year. 


Year? ono - 
4)1784(0 = Remainder; is therefore it is Leap-Vear. 


440 eos 0 0 * ——— . 

 * Rule 2. For the Gregorian Leap- Vears. 

As every Fourth Hundredth Year (beginning from the Year 

1 600 or 2000) is Leap-Year, and all the other even Hundreds, 

:ommon Years; cut off two Cyphers towards the Right-hand, 

and divide the other Figures by 4, the Remainder, if o, points 

but Leap-Vear; but if 1, 2, or 3, ſignifies it to be a common 

ear, and the iſt, zd, or 3d Year after Centenhial Leap-Year, 

Example 1ſt, The Year 1800, is it a common Year, or Leap- 
ear! | 

4)18]00(2 =Remainder; is therefore a common Year, and 


3 2d Vear after Centennial Leap-Year. 
C Example 2, The Year 2000, is it a Leap- Year, or a Common 
car? 
4)20|00{0=Remainder ; is therefore Centennial Leap-Vear. 
> | 3 
roblem IV. To find the Dominical Letter until the Year 1799 
| incluſive. | 
Definition 1. The Week Days in Calendars, or Almanacks, 
are expreſſed by the firſt ſeven Letters of the Alphabet; the Let- 
ter A, conſtantly anſwering to the firſt Day in the Year, or 
New-Vear's Day; that Letter then ſtands againſt the firſt. 
unday in the Year is called 21 Dominical Letter. 0 


444 
Example 2. The Year 1784; is it a Common Year, or Leap- 


— 
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The Rule. Divide the Year, and Ath thereof by 7; _ 
" What's left, ſubtract from 7, the Letter's given. 
Note 1. When it is Leap-Year, there are two Dominical 
EN ſerves to the Cloſe of February, the other from thence 
to the | 


ear's End; it is the latter that this Rule finds. 
2. The Dominical Letter goeth backward in a Common Year 
one Letter, but in Leap-Year two Letters. 

3. As ſaid before, the Years 1800, 1hoo, 2100, Sc. are Leap- 
Years according to the Julian, but common Years according to 
the Gregorian Calendar, therefore will have but one Letter in- 
ſtead of two, and conſequently the Order of the Dominical Let- 
ters will then be change. 

Example. For the Year 1784, I demand the Dominical Letter? 


*@aii. 


The Piven Year is (by Prob. 3.) Leap-Year —=— 1784 
Its fourth Part is —— — — 446 


The Sum is - . 2230 
7) 22300318 Quotient, and Remainder is 1; which 
(4 ſubtract from 7, reſt 3 for the Dominical 


| Letter; chat is, C; but being Leap: Year, 
D is the other Dominica) Letter, and ſerves from the Begin- 
ning 2 to the Cloſe of February, that is, the Letters 
are . 


Problem V. By the 190 Epadts, to find Eaſter Limit from the 
beginning of March, incluſive. 

Definitions. 1. Eaſter-Limit is the 14th Day of the Paſchal 

tw-Moon (or the New-Moon neareſt the Vernal Equinox) 

after the firſt of March. 


2. The Vernal Equinox, by the Gregorian Calender, is fixed 
on the 21ſt of March. p 


| | The RULE. 
Find the Epact by Problem 2. a 
If that be leſs than 24. ſubtra it from 44; but if more than 
24, ſubtract it from 74, the Remainder will be Eaſter-Limit, or 
the Day of the Paſchal Full-Moôon, from the firſt of March in- 
clufive, If the Epact be juſt ny the Limit is 49; but if the 
Epact be 25, and the Golden Number greater than 11, the 
Limit is 48, SLEW | 
Axample. ; I demand Eafter-Limit, for the Year 1779 ? 

The 


. HF 


Remainder is — : 


Seat, I. * Gregorian Calender. 26 
The Epact for the Year 1779 (by Problem 2.) is—12. 
S ac Sant A ht — 


Remainder is -Eaſter-Limit, from the it of March : 32 Days, 


or the 1ſt Day of April, for the Year 1779. | 


Problem VI. To find Eaſter-Day for any Year. 
Definition. Eaſter-Day is next Sunday after Eaſter-Limit, or 
Day of the Paſchal Fult Moon, and is never before the 22d Day 


of March, nor after the 25th Day of April. 


The RULE. 
1. Find the Dominical Letter by Problem 4. 
2. And Zgfter Limit by the laſt Problem. 
3. The Letter more by 4, from Limit take: 
What's left from neareft Sevens ſhall Eafter make. 
Example. For the Year 1776, I demand Eaſter-Day. 


The Operation. 


Dominical Letter (by Prob. 4.) is C, — 
To it add —— — — — 

The Sum is — 1 —— ͤ ——— — —7 
Which ſubtract from Eaſler Limit (found by Prob. 5.) —— - 32 
Remainder is - — ——— — 25 
Which ſubtract from the neareſt Sevens —— — 28 


— On em 


Which added to Eaft Limit 32, Sum is 35, from which ſub- 


tract March 31 Days, remains 4, ſo that Zaſter-Day is the 
Day of Haril for the Year wu of _ 


| Problem VII. To find the Moon's Age. 
Definition. The Moon's Age is, how many Days are paſt ſinee 
the Day of her Change, which Age neyer exceeds 30 Days. 


The RULE, 

1. Find the Epact by Problem the 2d. 

3. To the Epact add the Day of the Month, and the Num- 
ber of the Month; the Sum, if it exceed not 30, is her Age, but 
# it doth, ſubtract 30 as oft as you can, and the Remainder is 
Her Age. Vote, The Numbers of the Months are theſe, 
and may very properly be ealled monthly Epacts, viz. 
| January, February, March, April, May, June, 

+3 , SY I, 2, 3 4, 
July, Auguſt, September, Odtober, November, December, 
$- $, 8, 10, 10. 
Example, The 21ſt of May 9770 I demand the Moon's ot 
i = 
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The Operation. 
The Epact of ae 2.) for the Year 1779, is — 12 
To it add the Day of the Month —— 21 
And the Month May's Number — 1 
The Sum is — ——— 36 Days. 


Which being more than 30 by ———— 6 Days, 
is the Moon's Age required. al end --- 
| Problem VIII. To find the Moon's Southing. 
Definition. The. Moon's Southing, is the Time of her coming 
to, or upon the Meridian; which, from the New Moon to her 
Full, is after Noon; but fr#n the Full to the Change is before 
Noon. 5 
The Rule. 1. Find the Moon's Age by the laſt Problem. 
2. Multiply her Age by 4, and divide the Product by 5; the 
Quotient is Hours, and the 9 4 is ſo many times 12 Mi- 
nutes of an Hour, and both together is her Southing 


Example. The 21ſt of May, 1779, I demand the Moon's 


Southing ? - 
The Operation. 4s 
The Moon's Age (by Prob. 7.) is —————— 6 Days 
Multiply by + . | — 4 


— 


The Product is ———— 24 | 

That divided by 5, the Quotient is four Hours, and the Re- 
mainder is 4, which makes 48 Minutes ; ſo that the Moon's 
Southing is 4 Hours and 48 Minutes in the Afternoon, on the 
21ſt of May, 

Nete. When the Moon's Age exceeds 15 Days, uſe the Day 
preceding the given one, and the Southing will then fall upon 
the Day required. | ; | 


Problem IX. Tz find the Time of Full Sea, or High Water, at 
any Place. Es 


The Rule. 1. Find the Moon's Southing by the laſt Problem. 
2. To the Soutning, add the Point of the Compaſs making 
Full Sea, {on the Full and Change Day) for the Place propoſed; 
that Sum is the Time of Full Sea, or High Water, 
. Note, The Point of the Compals making Full Sea on the Full 
and Change Days, may be found (in the Tide-Table) in the Ma- 
ringr's Calendar, | 
Example. The 21ſt of May, 1579, I demand the Ti 
High Water at London. 1 ng nap 
| The 
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The Operation, The Moon's Southing (by Prob 8.) for the 


21ſt of May, 1779, is —————— 4h. : 48m. after Noon. 
To it add London 8 W. and NE. — 3b: : oom. 


Sum is the time of High Water May 21ſt, 7h. : 48m. that is, at 
48m. after 7 in the Afternoon. | 


Sect. II. 7 he Uſe of the Plane Chart, or Plot. 


1 T is requiſite to underſtand the Plane-Chart before the Cafes 
of Plane-Sailing; for it conduces much to the Knowledge 
thereof; and for the better underſtanding of it, mind the fol- 


lowing : | 

Delano, 1. The P/ane-Chart ſuppoſeth the Earth and Sea 
to make one flat Superficies, or Long- ſquare; in which the Me- 
ridians are parallel, and the Degrees of Latitude and Longitude 
equal in all Places; which is only true in the Equator. 

2. The Equator is a Line drawn Eaſt. and-Weſt, and is go 
Degrees diſtant from each Pole: From it Latitude beginneth, 
and on it Longitude is counted, 113 

3. The Poles are two oppoſite Points, one called the North 
Pole, the other the South Pole; and lie North and South from 
each other; at them is the greateſt Latitude go Degrees. 

4. The Meridians are Lines (in this Chart) parallel to each 
other, and perpendicular to the Equator, and lie North and 
South; on which are counted the Degrees of Latitude. 

5. Parallels of Latitude, are Lines parallel to the Equator, and 
lie Eaſt and Weſt, $68 ITY 

6. Latitude is the Breadth, or neareſt Diſtance of any Parallel 
of Latitude from the Equator ; from whence it is counted both 
Ways to each Pole, ending in go Degrees, the greateſt Latitude. 

7. North Latitude, is on that Side of the Equator towards the 
North Pole, and South Latitude towards the South Pole. 

8. Difference of Latitude is the Breadth, or neareſt Diſtance 
of any two Parallels of Latitude; and ſheweth how far one Place 
lies to the Northward or Southward of the other; it never ex- 
ceedeth 180 Degrees. | | 

9. Longitude (in the Plane Chart) is reckoned on any Parallel 
of Latitude, and increaſeth to the Eaſtward, till it ends in 360 
Degrees, the greateſt Longitude. 2 

10. Difference of Longitude, Meridian Diſtance, and De- 
parture from the Meridian, ſignify (in the Plane Chart) one and 
the ſame thing, and is the neareſt Diſtance of any two Meridi- 
ans; it ſheweth how far one Place is to the Eaſtward, or Weſt- 
ward of another, | 


D3_ The 
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The Uſe of the Plane cbt. | 
Prob. I. To find the Latitude of any Platt in the Chart. | 


Rule 1. Take the neareſt Diſtance of the Place to any Pa- 
rallel or Eaft and Weſt Line. 44 : 

2. Lay that Diſtance on the graduated Meridian, ſetting one 
Foot of the Compaſſes in the ſaid Parallel, and turning the * 
Foot the ſame Way, the propoſed Place lieth from it; the la 
Foot ſheweth the Latitude required. 5 

Examp. What Latitude doth the Lizard in England lie in? 

1. Take the neareſt Diſtance from the Lizard to any Parallel, 
or Eaſt and Weſt Line. 5 | | 

2. Lay that Diſtance (en the graduated Meridian) from the 
ſaid Parallel, and the moveable Foot ſheweth 49d. 57m. the La- 
titude of the Lizard; and it is North Latitude, becauſe North- 
ward of the Equator ; do ſo for any other Place. | 


Prob. 2. To find the Courſe, or Bearing of one Place from another. 
The RULE is, 


1. Lay a Ruler on the two Places given, and take the neareſt 
Diſtance from the Center of any Compaſs to the Ruler's Edge. 

2. Slide the Compaſſes, (being at that Diſtance) with one 
Foot cloſe to the Ruler, and the other Foot perpendicular to it; 
in ſo doing, the perpendicular Foot points (among the Rumb- 
lines) the Courſe, or Bearing of the propoſed Places, from one 
another, | 


_ Example. I demand the Courſe from the Lizard in England, 
tc the Iſland Barbadoes. 


I. Laying a Ruler's Edge on the Lizard and Burbadoes, take 


the neareſt Diſtance from the Center of a Compaſs to the Edge 
of the Ruler. 


2. Slide the Compaſſes along by the Ruler, keeping one Foot 
perpendicular to it, and it ſheweth (among the Rumbs) the 
Courſe to be SW. half W. neareſt from the Lizard to the Iſland 


Berbadses; the oppoſite Point (viz.) NE. half E. is the Courſe 
from the Iſland Barbadoes to the Lizard, 


Problem III. Ta find the Diftance of one Place from another. 


The Rule. Extend the Compaſſes from one Place to another. 
Meaſure 


Meaſure that Diſtance on a Scale of Leagues, or on the gra- 
duated Meridian; the firſt ſheweth the Diſtance in Leagues; 
the latter in Degrees, This is ſo eaſy, that it needs no Ex-: 
ample. | | | 


Problem IV. To find the Departure, or Meridional Diſtance be- 
. tween any two Places in the Chart. 


The Rule. 1. Take the neareſt Diſtance from one of the given 
Places, to any Meridian. eg 
2. The Compaſſes being kept at that Diftance, move them 
perpendicular along that Meridian, till you bring both Feet of 
the Compaſſes into the Parallel of the other Place; there ſtay 
the Compaſſes. 

3- The Diſtance from the perpendicular Foot, to the other 
propoſed Place, being meaſured on the graduated Meridian, ot 
on the Scale of Leagues, giveth the Meridional Diſtance required. 


Example. I demand the Meridional Diſtance between the 
Lizard and Cape Finiſterre. : 


1. Take the neareſt Diſtance from the Lizard to a Meridian, 
and ſlide the Compaſſes with one Foot on it, and the other per- 
pendicular, till both Feet come to the Parallel of Cape Fini- 
Herre. 

2. Then the Diſtance from the perpendicular Foot, to Cape 
Fixiſterre, being meaſured on the Meridian, is 3 Degrees 1 
Minutes, or 66 Leagues, which is the Meridional Diſtance, and 
ſheweth Cape Finiſlerre is 66 Leagues to the Weſtward of the 
Merjdian of the Lizard, and conſequently the Lizard lies 60 
Leagues to the Eaſtward of the Meridian of Cape Fini/terre, 


Problem V. The Latitude a Ship is in, and her Meridional Diſtance 
$ given, to find in the Chart where the Ship is. 


The Rule. 1. Lay off the Meridional Diſtance (according to 
its Nature, whether to the Eaſtward or Weſtward) from the 
Place it is counted from; and then the neareſt Diſtance from 
that, to any Meridian, muſt be kept in one Pair of Compaſſes. 

2. With another Pair of Compaſſes, take the neareſt Diſtance 
of the Latitude, from any Parallel, or Faſt and Weſt Line, 

3. Then move both Pair of Compaſſes perpendicular, one on 
the Meridian, the cther on the Parallel, till both perpendicular 
Feet meet, and there is the Point in the Chart repreſenting the 
Place the Ship is in, ; 

| D 4 Sect. 
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Sect. III. Plain 8 applied in Plane Sailing. N 


Defini- AT Avigation is the guiding or directing a Ship (through 
tion 1. the Ocean) from one Place to another ; it is divided 
into two Generals, Domeſtic and Remote. 

2. Domeſtic, or Home Navigation, is coaſting, or failing along 
Shore, in which the Mariner's Compaſs, and Lead, are the chief 
Inſtruments. 91844 1 2 ; 

3. Remote, which more properly bears the Name of Naviga+ 
tion) is the conducting a Ship to any Port, and the finding what 
Latitude and Longitude ſhe is in, at any Time; in the Practice 
of which, the Mariners have theſe Helps, the Compals, the Log, 
and the Latitude. N | 

4. The Compaſs, is a Circle divided into four Quadrants, 
Quarters, or principal Points; Eaſt, Weſt, North, and South; 
each Quarter into eight equal Parts, being in all 32 Rumbs, or 
Points, as in Fig. 16. of Plate 2. So that ſteering by the Com- 
paſs (well made and duly rectified) is known how, or which way 
the Ship ſails, to a ſmall matter. 

g. T1 he Log-line, (truly marked, or ſome other good way is 
theInſtrument whereby the Mariners meaſure the Ship's Diſtance 
Ns in Minutes, Miles, or Leagues, every Hour, Watch, or 

ay. 

Note, Each Knot in the Log-line ought to be 50 Feet from 
each other, and not 42 Feet, or 7 Fathom; an Error too fre- 


quent among the Engliſh Navigators, and long fince refuted by 


Mr. Norwood in his Seaman's Practice, and ſeveral others ſince 


that Time, 


Alſo the Half-minute Glaſs, uſed with the Log-line, ought 
to be truly 30 Seconds of Time, and not 25 or 26 Seconds, as 
chiefly made now, which are ſo called. 

6. The third Help is, the Knowledge of the Latitude from 
whenct he ſails, to which he is bound, and where the Ship is at 
any Time; this is attained by Celeſtial Obſervation {8 Sea, 
with a Qadrant or Foreſtaff) taking the Sun or Star's Meridian 


Now, any two of theſe three Things exactly known, the Na- 


vigator comes to know at any Time, where he is, how far he 


hath run, and how far he hath yet to run, which way, or upon 

what Point of the Compaſs he is to ſteer; and all this by Tri- 

gonometry, in three Kinds, viz. 

Plane-Sailing, IWright s-Sailing, and Great Circle-Sailing, as 

ſhall be ſhewed in Order: And firſt of Plane- Sailing, in which 

take theſe five General Rules followin g | Bas 
u 
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Rule 1. That 20 Leagues being ＋ to 60 Miles, or Mi- 
nutes, is alſo equal to one Degree of Latitude. Y ) 
But note, One of theſe Miles or Minutes containeth 6000 Feet, 
and is greater than a ſtatute or common Miles, which is but 5000 
Feet; of which about 69 Miles makes a Degree; whereas in 
the Practice of Navigation, 60 are counted to a Degree on the 
Meridian, or any great Circle. 


2. General Rule. To find the Difference of Latitude, when 
the Latitudes of two Places are given. 


The La- I both or both ſubtract 
titudes 5 one { North che rd South j add { finds 


the Difference of Latitude, « ; 
3. General Rule, To find the Latitude the Ship is in, when 


the Latitude ſailed from, and the Difference of Latitude is given; 
for this are the two following Caſes. | 


CASE I. 
In] 2 { Latitude failing to the | — { ward, the Lati- 


tude increaſeth, add, 


CASE II. 
Y 3 


In] South Latitude ſailing to the — | ward, the Lati- 
tude decreaſeth, ſubtract. ö 5 

And here Note, When the Latitude decreaſeth, and the Differ- 
ence of Latitude is greater than the Latitude ſailed from, the Ship 


hath croſſed the Equator, and — her Latitude, either from 
North into South, or South into North. | 


4. General Rule, The Sum of the three Angles of every Plane 
Triangle is equal to 16 Points of the Compaſs : For, 


1 Point 11d. 15m. 

8 0 
16 re _ * the Compaſs is equal 1 „ egrees. 
32 360 | 


5. General Rule. If a Ship ſails due Eaſt or Weſt, ſhe keeps 
in the ſame Latitude; and if a Ship fails due North or South, 
ſhe keeps in the ſame Longitude. 

Note, Plane Sailing is divided into three Parts, viz. E 

1. In a Right- angle Triangle, relating to a ſingle Courſe, in 
which are ſix Caſes. I 

2. In 


- 
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2. In 2 Right-angle Triangle, relating to ſeveral Courſes, 

called a Traverſe. | 1 | 

3. In an Oblique Triangle, in which are but four Caſes, 
a Multitude of various Queſtions, 

'The firſt Part of Plane Sailing is contained in the Six Prob- 

lems, or Caſes following, | 


ob. or Caſe 1, Courſe and Diſtance failed given ; to find the 
Pr Difference of Lal, and the Departure fri the Meridian. . 


Example, Admit a mn runs 496 Minutes SW. by W. fro 
the Lizard in 49d. 57m. North Latitude; I demand the. Latitud 
the is in, and how far ſhe is departed from the Meridian ? 

Ob/erve, That in all Problems of Navigation, make the upper 
End of the Book or Slate, to be the North ; then the Right- 
hand is the Eaſt, the Left-hand the Weſt, and the lower Eng 
is the South. Then, 


To delineate this Problem by the Plane Scale. 


1. Draw the Meridian AB (Plate 2. Fig. .) towards the 
Right-hand, when the Courſe is Weſterly; but when Eaſterly, 
towards the Left-hand; and put A at the upper End when the 
Courſe is Southerly, but at the lower End when it is Northerly. 

2. With a Chord of 60 Degrees, and one Foot on A, deſcribe 
an Arc; on that Arc lay 5 Rumbs (becauſe SW. by W. is 5 
Points from the South) taken from the Scale of Rumbs, and by 

3- From any Scale of equal Parts, take the Diſtance run 496 

Minutes, and lay it from A to C; then A repreſents the Place 

failed from, C the Place the Ship is to come to. | 

4. From C Jet fall the Perpendicular CB, to cut the Meridian 
in B, and it is done : then the Meaſure of AB, and BC, on the 
ſame Scale of equal Parts, that AC was taken from, will ſhew 
how much the Difference of Latitude and Departure from the 

Meridian are, by the Plane Scale. 

Theſe Directions, with the following Explanation, being well 
conſidered, will ſhew how to delineate, and anſwer any of the 

Dix Cafes of Plane Sailing by the Plane Scale; therefore I omit 
the Delineations in the five Pr — Caſes, having given ſuffi- 

cient Directions to make any ReQtangle-Plane Triangle in Pro- 

blems 10, 11, 12, and 13. 0f Practical Geometry, and ſuch are 
all che Caſes in this Part of Plane Sing, 
| This 
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This Right Angle-Triangle ABC, (Plate 2. Fig. g.) may be 

made by Prob. 10, of Geometry, in which Note, 
1. The Hypothenuſe AC repreſents (the Point of theCompaſs 

the Ship hath ſteered and) the Ship's Diſtance run. 

2. The Leg AB, (the Meridian, that is, the North or South 
Direction of the Compaſs) the Difference of Latitude. 

3. The Leg BC, (the Eaſt or Weſt Direction of the Compaſs) 
and a Parallel of Latitude} the Departure from the Meridian. 

4+ The Angle BAC, (the Angle of) the Ship's Courſe. 


5. The Angle ACB, (the Angle of) the Complement of the 
_ Courſe. | 


ate, The Angle which the Point of the Compals (ſteered by, 
or upon) maketh with the Meridian, or North, and South Point - 
of the Compaſs, is called the Angle of the Ship's Courſe, and the 
Angle it maketh with the Eaſt or Weſt Point, is the Complement 
of the Courſe, 
The Coutſe, in this Example being SW. by W. is 5 Points 
from the South, or Meridian, and makes 56d. 15m. The Com- 
lement of the Courfe is 3 Points; that is 33d. 45m. as may be 
foen in the Table, intitled, A Table of the Angles which every 
Rumb (or Point of the Compaſs) maketh with the Meridian, at 
the End of this Book. | 
— The Things thus explained, the Proportion (by Chapter 2. 
Sem 2. Axiom 1. and Caſe 1. of Plane Right-Angles-Triangles 
in Pages 36 and 37.) is as follows. | 


For the Difference of Latitude theſe three Proportions, viz. 


Radius | S, c. Courſe * 5 
Sec. Courſe -» Diſtance ; : { Radius ! . Diff. Lat. 
Sec. c. Courſe T. c. Courſe . 


All theſe three Proportions may be wrought by the Logs» 
rithms, but I only work the firſt, 


By Gunter's Scale, 
Radius -- Diſtance : : S. c. Courſe . Difference of Latitude, 
S8. 8 Points 496 Min.:: S. 3 Points Min. 275.6 Tenths, 
Latitude failed from, is — — — 49d. 57m. North. 
The Diff. of Latitude, Min. 275.9 or—o4d. 36m. S6utherly 
Bare 
Subtract, giveth Latitude the Ship is in, 45d. 21m. North, 


For 
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For the Departure, theſe three Proportions, viz. 


Radius | I, Courſe _—_ on 
Sec. Courſe ö .. Diſtance: : [T. Courſe Departure. 
DEC. c. Courſe Ws | Radius | 5 
J᷑ye firſt of theſe by Gunter's Scale, ada 
Radius -» Diſtance : : S. Courſe : Depart. from the Meridian. 
S. 8 Points . 496 Min.:: S. 5 Points ++ Minutes 412.4 ! enths. . 
So that the Departure from the Mer dian is Minutes 412.4 
Tenths, which makes bd. 52m. Meridian Diſtance Weſt. 


Problem, or Caſe 2. Courſe and Difference of Latitude given, to find 
the Diſtance run, and the Departure from the Meridian. 


Example. If a _P runneth SE, by E. from 1d. 45m. North 
Latitude, and then, (by Obſervation) is in ad. rom. South Lati- 
tude. What is her Diſtance and Departure? Plate 2. Fig. 10. 
This Triangle ABC may be made by Preb. 12. of Geometry. 
In this Example, having Latitude the ſhip ſailed from, and 
Latitude ſhe is in by Obſervation, there are the Laticudes of two 
Places given ; and by the ſecond General Rule, in Page 58, the 
Difference of Latitude is found, as followeth : 5 
Latitude failed from — — — — d. 45m. North 
Latitude by Obſervation, is — — — 2d. 5om. South 


The Difference of Latitude, is — — 4d. 35m. or 275 
Minutes, found by multiplying by 60, the Minutes in a Degree. 


1ſt. For the Diſtance, the Proportions may be this , 


S. c. Courſe . Diff. Lat. : : Radius . Diſtance. 
8. 3 Points++275 Min. : : S. 8Points . 495 Minutes. 


* 1 2d. For the Departure, this; 
S. c. Courſe · Diff. Lat. : : S. Courſe . Departure. ; 


8. 3 Points. 275 Min.:: S. 5 Points 411.6 Minutes: Or 6d. 
2m. Eaſting; that is, the Ship is ſo much to the Eaſtward of the 
eridian of the Place ſhe ſailed from. 


Problem, or Caſe 3. Courſe and Departure from the Meridian 
" given, 10 And the Diſtance and Difference of Latitude. 


Examp. Ita Ship fails NE. by E. from a Port in 3d. 15m.South 
Latitude, until ſhe depart the firſt Meridian 412 Min. I demand 
her Diſtance, and what Latitude ſhe is in? Plate 2. Fig. 11. 
This Triangle may be made by Prob. 12, of Geometry. 

V, For 
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. Jt, For the Diſtance, the Proportion is this | 


$. Courſe -» Departnre :': Radius + Diſtance. = 
S. 5 Points y. 412.Min.:: : S. 8 Points .. Min: 495.5 Tenths, 
2d, For the Difference Latitude, this : 

8. Courſe . Departure :: S. c. Courſe . Diff. Latitude. 
8. 5 Points 412 Min. :.: 5, 3 Points . 275.3 Min. which 
' being reduced, is Degrees 35 Minutes Northing, by which 
find the Latitude the Ship is in, as hereunder. 

Latitude ſailed from, is. — — zd. 15m. South. 


Difference of Latitude, is 275: 3 Min. or 4d. 35m. North. 


Subtract, giveth the. Latitude the 1 is aus. 20m. North. 
haying crols'd the Eguatop .:; 1 4 2b itz l % oa BIT 
Problem, er Caſe 4. Diſtance and * of Latitude _ ; 
to Jing. the Goprſe, and Departure. 5 


B. Suppoſe a Ship ſails 496 Min. between the South 
and the Weſt, from a Port in 2d. 48m. South Latitude; andthen 
by Obſervation. i is in 7d. 2 zm. South Latitude: What Courſe 
Nad ſhe ſteered, and what eparture hath ſhe made ? Plate c 
Fig. 12. This Triangle may be made by Prob. 11. of Geometry, 

By the two Latitudes mentioned in this: ort. find the Dit- 
ference of Latitude, as followeth; ki 240 

Latitude failed from, is ĩ 2d. 480i. South. 

Latitude by Obſervation, is 7d. 23m. South. 


a 4228 


Subtract, gives the Dif. of Latitude 4d. 3 5m. or 275M. 
J. For the Caurſe,: the Proportion is, | 
Diſtance . Radius:: Diff. Lat. . S. c. Courſe. - 
496 Min. ++ S. god. : : 275 Min. . S. 33d. 40m. 
Which ſubtract from god. the Remainder 56d. 20m. is 500 


Courſe, which makes 5 Points neareſt; SW. by W. is then * 
Ship's Courſe. | 


2d. The Proportion for the Departure is, 


Radius · Diſtance : : S. Courſe . Departure. 
S. god. +» 496Min. : : S. 56d. 20m. . . 412 Minutes. 


Problem, er Caſe 5. Diſtance and Departure given; to find the 
Courſe and Difference of Latitude. 


Examp. Admit a Ship fails 496 Minutes between the North 
end the Weſt, from the Hand Bermudas, i in Latitude 32d. 25m. 


North, until her Departure is 412 Minutes ; what 2 
A 
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hath the ſteered? And what Latitude is ſhe in ? Plate 2. Eig. 13. 
This Triangle may be made by Prob. 11. of Geometry, 
, For the Courſe, take this Proportion. 
Diſtance · Radius:: Departure +- S. Courſe. _ 
4 6 min. "FT god. : : 412 min. . S. 56d. 10m. N. Weſterly. 
That is, 5 Points, which makes the Courſe to be N. W. by W. 
SE 24 Fer the Difference of Latitude. 
\Radius++ Diſtance : : S. e. Courſe -- Difference of Latitude. 
8. god. ov 490 min. - : 8. 33d. com. 276.1 _— or 4d. 36m, 
| m 


Latitude ftiled-from ———— 32 12 North. 
Difference of Latitude 276 Minutes, or — 4: 35 Northerly. 
Latitude the Ship is in 37: 01 North. 
Problem, or Caſe 6. Difference of Latitude and Departure given; 
35 io find the Courſe, and Diſtance. TEES 


"Prams. Tf a Ship's Southing be 275 Minutes, and her Eafting 
12Minutes, What is her Courſe and Diſtance? Plate2. Fig. 14. 
his Triangle may be made by Prob. 13. of Geometry. 
If, Fer iber Courſe, take this Praportian. 
Diff. Lat. Departure : : Radius T. Courſe, 
275 Min. «+ 412 Min.:: T,45d. ++ I. Fd. 17m. South- 
Eafterly, or 5 Points, which-makes the Courſe to be SE. by E. 


2d, For the Diſtance, this Proportion. 
S. Courſe Departure :: Radius Diſtance. 
S. 56d. 17m. 412 Min. : : S. god. . 495.3 Min. 
The fix preceding Problems are the common Caſes of Planes 
Sailing; which the Learner ought to be well acquainted with; 
and for that End I here add ſix more for Practice, whoſe An- 
ſwers may be found by the foregoing Rules. 
Queſtion 1. A Ship in 2d. tom. Hut Latitude, ſails N. by E. 
89 Leagues : What Latitude is, ſhe in; and what is ber Departure? 
Anſwer. Latitude ad. 12m. North, and Departure Leagues 
17 and 36 Parts of a Hundred. 
Queſtion 2. A Ship fails SSW. from a Port in 41d. 30m. North 
Latitude ; and then by Obſervation, the ſaid Ship is in 36d. 57m. 
North Latitude: ¶ demand the Diſtance run, and Departure? 
Anſwer. Diſtance run 98 Leagues 5 Tenths, Departure 
Leagues 37.7 Tenths. | | 
- Queſtioa 3. Ship ſails SSW. half W. from 2d. 3om. South 
Latitude, 


0 
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Latitude, until the Departure be 59 Leagues : I demand ber Diſtance 
run, and the Latitude.ſbe is in? 2.4 | : 
Anſw. Diſtance run 125.2 Leagues, Latitude 8d, 01m. South. 
Queſt. 4. If a Ship ſailed 360m. South We/tward, from 21d. 
5gm. South Latitude, until (by Obſervation) ſhe be in 24d. 49m. 
South Latitude ; What is her Courſe and Departure? 


- — * * 


Anſw. Courſe is SW. by W. half W. and Departure from 


the Meridian is 317.3 inutes. * ; 
Queſtion. 5. e Ship ſaileth 354 min. North Eaftward, 
from 2d, gm. South Latitude, until her Departure be 1 Som. 


in order. | 


Sec. IV. Plane-Sailing, the ſecond Part; ſhewing how to reſolve 
a Traverſe; or bring ſeveral Courſes into one, 


HAVING learned--thoſe neceſſary Problems concerning a 
ſingle Courſe, the next in order is a Compound Courſe, 

commonly called a Traverſe ; in order to the right Underſtand- 

ing whereof, obſerve the following Definitions. 

1. A Travirſe, is when a Ship (meeting with a contrary Wind) 

ſaileth on ſeveral Courſes in 24 Hours. 

2. To reſolve a Traverſe, is to reduce or bring ſeveral Courſes 
into one; the Courſes are known by the Compaſs, and the 
Diſtance by the Log, which in common Voyages is heay'd once 
— two Hours, but in Ships of War, or to the Za/t-Indies, every 

1 

3. The. Leg, -is a Piece of Wood about ſeven Inches long, 
in Form like a Flounder; with the Head cut off, and ſo faſtened 
to a ſmall Chord (or Eine catied the Lag- line) at one End, with 
ſo much Lead at thelother, that when it is put into the Sea, it 
may ſwim upright, or end wiſe. 

4. The TLog- line is divided into equal Spaces, called Knots, 
by ſomething faſtened to it, at every o Feet Diſtance foraK _ 
; | ow 
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Now the Log line being wound on a Reel, and the Leg put into 
the Sea; if the Log-line be veered out fo faſt as the Ship fails; 
then look how many Knots are veered out in half a Minute's 
Time; and ſo many Miles or Minutes doth the Ship run in 
one Hour. . 1 

5. One of theſe Miles contains 6000 Feet, and is greater than 
a Statute or common Mile, that being but 5o00 Feet; of which 
about 694 (on the Meridian, or any great Circle) make a De- 
gree; but in the Practice of Navigation, 60 Miles or Minutes 
are counted for a Degree, therefore I call them Minutes. 
6. In the Steerage, or ſome convenient Place of the Ship 
hangeth a Table called the Log-Board, divided into 5 Columns; 
wherein are written the Haurs of the Day, Courſes fleered, Knots, 
&c, veered out; and laſtly the Vinds; as in the Table fol- 
lowing.” : Rn 


A EY _—_ 3 Sn ** 5 — * 


The Form of the Log-Board, _ 

1 Th [raw | 
[O : "xp or one 8 of 5 Fact. Minds. 
48 | | 
H. gh LIV. oe 
2 | SW by 8. 7 5 WNW. | 
4 | f 7 W. by N. 
e 8 8| 6 | wsw 
8 NA 

10 NW. by N. WI 4| 8 WSW. W. 
{ 1s 5] 4 

2 5 . 6 — 5 

4 SW. 71, 6 WNW 
6 8 5 
| 8| SE. 4 SW. by "yt 
mY SW. 4 8 SSE. | 
I. ST 


*. : c LY 
* ö : * 4, 4 
. - ; 


os VÞ 
0 
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Note, The Column for Courſes is made ſometimes juſt before 
the Column for the Winds, and then the three narrow Columns 
ſtand together. 

7. The Day begins and ends at Noon; that is, from Noon to 
Noon is the Length of the Day. 

8. Every Day at Noon the Log-board ought to be copied into 
a Log-book ruled like the Log- board: Then muſt be caſt up 
how much the Ship hath ſailed on each Courſe, | 

9. If the Ship fails by a Wind, it is ufual to allow one Point 
for Leeward Way; ſo that when the Ship is cloſe hauled, and 
lieth 5 Points and a half from the Wind, yet her Courſe 
corrected is 6 Points and a half from the Wind. 

10. The ſeveral Courſes (being correded) and Diſtances, are 
to be brought into one Courſe and Diſtance ; which is called 
Reſolving a Traverſe, and to lay it down by Scale and Compaſſes, 
take the four following Rules, which give the Points that are 
between the Courſe laſt made, and that laid down next, to be 
called the Angle between both Courſes. ; 

Rule 1. Two Meridians and two Parallels; the leſer- Courſe 
1 from the greater, gives the Angle between both 

ourſes. 


Rule 2. Two Meridians, and one Parallel; add both Cours 
together. 


Rule 3. One Meridian, and two Parallels ſubtract the Sum 
of both Courſes from 16 Points. þ 

Rule 4. One Meridian, and one Parallel; add 8 Points, the 
leſter Courſe, and the Complement of the greater together; the 
Sum is the ſaid Angle, 

Note 1. North and South are called Meridians, and Eaſt and 
Weſt are called Parallels. 

2. By Complement of the greater Courſe, underſtand how 
much it wants of 8 Points. 

3. To know the Meridians, and Parallels, the firſt and ſecond 
Courſes are compared together, the ſecond and third, and the 
third and fourth, Cc. 


Example. A Ship bound to a certein Port, meeting with conti ary 
Winds, fails firſt S. E. by S. 67 Minutes ; then S. E. by E. $3 3 
then W. d. W. 45 ; then N. E. by N. 74; then W. 57; and then 
S. by E. 83 Minutes ; I demand the Difference of Latitude, Depar- 
ture from the Aleridian, and direct Courſe, and Diſtance from the 
firſt Place departed 9 Plate 3. Page 122. 


E 1. det 


* 


= 
| 
| 
9 
| | 


— 1 — _ n 
SL r Me 

> S.. of Diff. Latitude] Departure in 
8 „ SS Minutes Minutes 
18 Courſes JEN 3 8| in Minutes, | , 

* SERIES 8 2 . 
8 b E North. South. | Eaſt. Weſt. 
1] SE byS. [67] 3| 3 $57 |__37:2_| | 

2JSE by E\53] 5 | 14 | 29.4 44. 

3] WSW. 450 5 5 17.2 148 
INT bV N/A 3 3 61:5 41.1 
5 e $7.0 | 

5. S. by E= 3 ee | 81.4 16.2 

Sum'd u 61.5 [183.7 | 138.6 98.6 

Subtracgk· - = = = - - = = = - 61.5 98.6 8 
| Difference of Latitude - -| 122.2 40. 0 Depart. | 
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1. Set down the ſeveral Courſes and Diſtances, with the 
Points from the Meridian, &c. as in the following Table. 


2. In the fifth Column put the Points for laying down, 
which are found by the four Rules foregoing ; the firit Courſe 
always is the fame with the Points from the Meridian : For 
the ſecond Courſe, it is 14 Points, found by comparing the 
firſt and ſecond Courſes together, in which is one Meridian and 
one Parallel; and by the 4th Rule it makes 14 Points, for lay- 
ing down: Again, comparing the ſecond and third Courſes, 
it is one Meridian and two Parallels; which by the third Rule 
makes 5 Points for laying down : Again, the third and fourth 
Courſes compared, it is two Meridians and two Parallels; 
which, by the firſt Rule makes 3 Points for laying down; and 
ſo for the reſt, as in the foregoing Table. 

3. By theſe Points for laying down, it is eaſy to delienate the 
Traverſe ; as you ſee in Plate 3. Page 122. which is thus; 

Firſt, Draw the Meridian AB, and on A draw an Arc, 
with the Chord of 60 Degrees, on which Arc lay 3 Points; by 
it draw a SE. by S. Line, laying thereon (from A] 67 Minutes 
the Diſtance run SE. by 8. 

Secondly, With a Chord of 60 Degrees, and one Foot at the 
End of the SE. by S. Line, draw an Arc, (always towards that 
Point of the Compaſs directed by the Courſe) on which lay 14 
Points: That is, take 7 Rumbs from he Scale of Rumbs, and 

2 lay 
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lay it twice on the ſaid Arc; through that Point, and from the 
End of the SE. by S. Line, draw a SE. by E. Line, making it 
53 Minutes long, ſo the ſecond Courſe is finiſhed, 


Thirdly, At the End of the SE. by E. Line, in like Manner 
with the Chord of 60 Degrees, draw an Arc, and thereon lay. 
5 Points, by which and the End of the SE. by E. Line draw 
the WSW, Line 45 Minutes long. 


Fourthly, After the ſame Manner draw the NE. by N. Line 
74 Minutes long: Then the W. Line, 57 Minutes long; and 
then the S. by E. Line, 83 Minutes long, ending in C, the 
Place where the Ship now is. l 


Laſtly, Draw a Line from C to A (the Place the Ship de- 
parted from) and from C let fall the Perpendicular BC; then 
is AC the Ship's Diſtance from the Place of Departure, AB her 
Difference of Latitude, and BC her Departure from her firſt 
Meridian, each being meaſured on the ſame Scale the other Lines 
were taken from, will ſhew how much they are ſeverally, and 
the Angle BAC meaſured on the Scale of Chords or Rumbs, 
ſhews her Courſe, 


4. Then by Prob. 1. Se, 3. of this Chap. find the Difference 
of Latitude and Departure from the Meridian, for thoſe Courſes 
and Diſtances ſeverally; that is, by the firſt Caſe of Plane 
Sailing; having the Courſe and Diſtance run given; to find the 
Difference of Latitude, and the Departure from the Meridian; 
and that for each given Courſe ; which place in their proper 
Columns, thus ; fe the Courſe be North Eaſterly, put the Dif- 
ference of Latitude in the North Column under (North) and 
the Departure in the Eaſt Column, under (Eaſt) if the Courſe 
be South Eaſterly, then put the Diſference of Latitude in the 
South Column, and the Departure in the Eaſt Column; if South 
Weſterly, then in the South and Weſt Columns; and if North 
Weſterly, then in the North and Weſt Columns. | 

As for Example. The firſt Courſe in the foregoing Traverſe 
is SE. by S. that is South Eaſterly; the Difference of Latitude, 
Minutes 55.7, place in the South Column; and the Departure, 
Minutes 37.2, put in the Eaſt Column, as in the Table fore- 
going: Ihe like obſerve for all the-reſt. 


Note, When the Courſe is due E. W. N. or S. then place the 
Diſtance ſailed in the Eaſt, Weſt, North or South Columns; as 
here the fifth Courſe is W. the Diſtance 57 Minutes is placed 
in the Weſt Column, as you ſee in the 7 able preceding. 


E 2 5. Having 
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5. Having found the Difference of Latitude and Departure 
from the Meridian for each Courſe, and placed them in their 
proper Columns; add up the North, South, Eaſt, and Weſt 
Columns ſeverally, and ſubtract the North and South Columns, 
the one from the other, that is, the leſs from the greater, for 
the Difference of Latitude; in like Manner, the Eaſt and Weſt 
Columns for the-Departure: As in the foregoing Table, the Sum 
of the Nortly Column 61.5, ſubtra& from the Sum of the South 
Column 182.7, the Remainder 122.2 is the Difference of Lati- 
tude Southerly : And the Sum of the Weſt Column 98.6, ſub- 
tracted from the Sum of the Eaſt Column 138.6, the * 26 er 
40.0, is the Departure from the Meridian Fafterly. 

6. Then having found the Difference of Latitude, and Depar- 
ture from the Meridian, the Courſe and Diſtance may be found 
by Problem 6, Section 3. of this Chap. And in this Example, 
the Difference of Latitude being Minutes 122.2 Southerly, and 
the Departure Minutes 40.0 Eaſterly, the Courſe will be South 
18d. 7m. Eafterly ; that is S. by E. three-quarters E, almoſt, 
and the Diſtance Minutes 128.6, which was required. 

After this Manner you may work any Traverſe ; and for the 
Learner's Practice, I ſubjoin the following Examples. 


Examp. 2. Suppoſe in 24 Hours a Ship ſaileth as follows, SW. 
by S. 30 Minutes, S. 33, NNW. half W. 32, SW. 39, SE. q, 
and ESE. 11 Minutes: What is her Difference of Latitude, 
Departure from the Meridian, direct Courſe and Diſtance ? 


Anfw. Difference of Latitude Minutes 67.9 Southerly, De- 
parture Minutes 42.8 Weſterly, Courſe is South 32d. 13m. 
Weſterly, or SW. by S. neareſt, Diſtance Minutes 80.28. 


Examp. 3. If a Ship faileth (by the Log-Board) in 24 Hours 
as follows, NNE. 83 Min. SW. 74. E. by S. 92. NNW. 126. 
S. by W. 47. and NE. by N. 78 Minutes: What is her Dif- 
terence of Latitude, Depai ture, direct Courſe and Diſtance run. 


Anſw. Difference of Latitude Minutes 141.7 Northerly, De- 
parture Minutes 55.6 Eafterly, Courſe is North 21d. 25m. 
Eaſterly, or NNE. neareſt, Diſtance Minutes 152.3. 


Examp. 4. If a Ship ſaileth W. by S. 87 Min. N. 46. SSE. 
75. E 83. NW. by W. 79. NE. by E. 57. and NW. by N. 
64 Min. I demand her Difference of Latitude, Departure, direct 

| Anſw, 


Courſe, and Diſtance run? 
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Anſw. The Difference of Latitude Minutes 88.6 Northerly, 
Departure Minutes 27.5 Weſterly, Courſe North 17d. 15m. 
Weſterly, or N. by W. half W. neareſt, Diſtance 92.68 Mi- 


nutes. 


Examp. 5. A Ship ſaileth as follows, NNE. 55 Min. NW. 
1 W. 96. S. by E. 1 E. 57. WSW. £ W. 89, NE by N. 4 E. 
100. SW. by W. 2 W. 54. and N. by E. 50 Min. What is her 
Difference of Latitude, Departure, direct Courſe and Diſtance 
run? 


Anſw. Difference of Latitude Min. 131.8 Northerly, Depar- 
ture Minutes 92.1 Weſterly, Courſe 34d. 56m. North Weſterly, 
or NW, by N. neareſt, Diſtance 160.7 Minutes, 


Examp. 6. A Ship in 46d. 24m. South Latitude, ſaileth by 
the Log-board in 24 Hours SE. 8 Min, SW. by W. 2 W. 6. 
NE. by E. 5. WNW. + W. 9. NW. 4. ESE. i E. 2 S. by E. 

. NNE. J E. 4. and E. 5 Min. What is her Difference of 
1 Departure, direct Courſe, Diſtance run, and Lati- 
tude ſhe is in ? 


Anfw. Difference of Latitude Min. 4.62 Southerly, Depar- 
ture Min. 6.17 Eaſterly, Courſe is S. 53d. 10m. Eaſterly, or 
SE. Z E. Diſtance run Min. 7.71, and Latitude in 46d. 29m. 
South. . 


Examp. 7. Admit a Ship in 1d. 30m. North Latitude, fails 
NNE. 6 Min. SE. by S. ZE. 5. NE. by E. half E 4 WNW. 
W. 8. SW, by 8. half W. 7. NW. by N. 4, ENE. 5. SW. 
7. and SE. by E. 5 Min. I demand her Difference of Lati- 
tude, Departure, direct Courſe, Diſtance run, and what Lati- 
tude ſhe is in ? 


Ano. Difference of Latitude Minutes 2.40 Southerly, De- 
parture Min. 1.59 M eſterly, Courſe is South 33d. 31m. Weſterly, 
or SW. by S. Diſtance 3 2.88, and Latitude ſhe is in 
1d. 28m. North. 


Thus much for the ſecond Part of Plane Sailing, called a 
Traverſe, we go on to the Uſe of an Oblique Triangle in Plane 
Sailing. 


E 3 Sec. V. 
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Set. V. Plane Sailing, the third Part, or the Doctrine of Oblique 
Plane Triangles applied in Problems of Sailing by the Plane 
Chart. | 


| Ltho' this Part of Plane-Sailing is the leaſt uſeful, and moſt 
difficult, yet for the Learner's Amuſement I will add the 
following Problems. | 


Prob. I. Suppoſe two Ports lie North and South, and a Ship ſails 
from the Northermoſt SE. 68 Min. another from the Souther- 
moſt ſails NE. by N. till ſhe meets the firſt Ship; I demand the 
Diftance of theſe Ports, and the ſecond Ship's Diſtance run? 

In the Oblique Triangle ADE, Plate 3. Fig. 1. 

Let A repreſent the Northermoſt ) port. | 

D the Southermoſt - - 2 8 


The Side ; — 8 1 q 2 { Ship's Courſe and Diſtance, 

E the Place where the two Ships meet. 

Here are two Angles and an oppoſite Side given, and there- 
fore by Chap. 2. Sect. 3. Prob. 5. Caſe 1. of Oblique- Angles, 
in Page 43. | 

1. For the Side AD, the Diſtance of the two Ports, the 
Proportion by Axiom the 2d is, | 


S. AD E- Side AE::S. AED. Side AD. 
S. 3 Points . 68 Min. : : S. 9 Points -» Min. 120. 


Note; When an Angle exceeds 8 Points, ſubtract it from 
16 ; as here, 9 Points being ſubtracted from 16, the Remainder 

Points, is to be uſed inſtead of it. 

2. For the Side DE, the ſecond Ship's Diſtance, the Propor- 
tion by the ſaid Axiom, is, | 

S. ADE--Side AE::S. DAE<-.-. Side DE. 

S8. 3 Points ++ 68 Min. :: S. 4 Points. 86.55 Hundredths. 


Prob. II. Suppoſe two Ports lie NE. and SW. and a Ship ſails 
from the Scutbermaſt ESE. 45 Min. another from the Norther- 
moſt runs 72 Min. and then meets the firſt Ship; I demand the 
Courſe ſteered by the laſt, and the Diſtance of the Ports? 


In the Oblique Triangle ADE, Plate 3. Fig. 2. 
Let A reprefent the Southermoſt p 
D the Northermoſt - b ores 


The 


ls 
be 
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The Side ö 1 on 8 q { Sh'p's Courſe and Diſtance, 

E the Place where the Ships meet. | 

Here are two Sides and one Angle oppoſite given ; and by 
Chap. 2. Sect. 2. Prob. 6. Caſe 2 and 3, of Oblique Angles in Pages 
43 and 44. 

1. For the Angle ADE the ſecond Ship's Courſe, the Propor- 
tion by Aciom the 2d is, 

Side DE.. S. DAE :: Side AE. S. ADE. 

72 Min. . S. 67d. 3om.:: 45 Min. .. S. 35d. 15m. which 
ſubtract from SW. 45d. makes the Courſe gd. 45m. South 
Weſterly, or S. three quarters Weſt. 

2. For the Side AD, the Diſtance of the two Ports, the Pro- 
portion by the ſaid Axiom is, | 

S. DAE Side DE:: S. AED . Side AD. 

8. 67d. 3om. «+ 72 Min. : : S. 77d. 15m. 76,01 Minute. 


Prob. III. Two Ships ſail from a certain Road, one ſails 88 E. 


50 Minutes, the other SSW, 35 Minutes, I demand their Bear- 
ing and Diſtance ? 


In the Oblique Triangle ADE. Plate 3. Fig. 3. 
Let A repreſent the Road. 


A?) the firſt - - 1 f 
The 50 3 { Ship's Courſe and Diſtance. 
DE the Bearing and Diſtance of the two Ships, 
Here are two Sides, and one Angle between them given; and 
K Chap. 2. Sect. 3. Prob. 7. Caſe 4 and 5. of Obligue Angles, in 
age 44- | 
1. For the Angles AED, and ADE, by Axiom the third. 
Side 12 50 Min. From the three Angles - - 180d. oom. 
AE 35 Min.] Subtract the Angle DAE - 45d. oom. 
Sum Side 85 Min. Sum of AED, and ADE - - 135d. oom. 
Diff. Sides 15 Min.[TheZ Sumof AED, and ADE 67d. zom. 
Sum Sides ++» Diff. Sides: : T. 1 Sum Angles . T. T Diff. Angles, 
85 Minutes . 15 Min, :: l'. 67d. 3om. . T. 23d. orm. 
The half Diff. of the Angles 23d. orm. 
Added, gives the greater Angle god. 35m. AED. 
S ubtracted gives the leſſer Angle 44d. 25m. ADE. 
which added to 88 E. 22d. zom. is South Eaſterly 66d. 55m. and 
North Weſterly 66d. 55m. that is, ESE. and WNW, neareſt, 
is the Bearing of the two Ships. | 
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Chap. III. 


2. For the Side DE, their Diſtance, the Proportion by the 
2d Axim. | 

S. AD E.. SdeAE ::8. DAE : SideDErequired. 

S. 44d. 25m. 35 Min. : : S. 45d. oom. Min. 35.56 Hund. 


Prob. IV. Suppoſe a Ship ſails NE. 50 Miles, then South Eaſterly 
85 Miles ; and then forced back by foul Weather 105 Miles to the 
Place from whence ſhe firſt ſailed ; I demand her ſccond Courſe, 

and her laſt Courſe back ® 


In the Oblique Triangle ADE. Plate 3 Fig. 4. 


Let A repreſent the Place failed from at firſt. 
D h ſecond Place, and Side DE the 2d Courſe and Diſt. 
E mw third Place, and Side EA the 3d Courſe and Diſt. 
Here are three Sides given; and by Chap. 2. Sect 3. Prob. 8. 
Caſe 6. of Oblique Angles, in Pages 45 and 46. 


1. For FE the Difference of the Segments AB and BE; the 
Proportion according to the 4th Axiom, is, | 
: Leagues. 
EE {DE 851S. AE -- SunDE&DA : : dif DE&DA -- FE diff. Seg. 
: DA gofto5 Miles. - 135 Miles :: 35 Leagues + 45 Leagues. 
Sum > - 136 45 FE Difference of the Segments AB, and BE. 


Diff. - 35/150 . | 75 BE the greater Segment. 
60 | n 1 30 AB the leſſer Segment, 


Side AE =» - 105 Leagues. 
2. For the Angles DAE and AED, the Proportion by the 


firſt Axiom, is, 


Hypothenuſe AD. Radius:: Leg AB . S. c. DAB or DAE. 
50 Leagues -- S. god.:: 30 Leag -- S. 364. 52m. 
Subtract from - - - - - - god, oom. 


— 


Refteth the Angle DAE - - ad. o8m. which 
being added to the NE. makes N. Eaſterly 98d. o8m. or South 
Eaſterly 81d. 52m. ſo that the Courſe from E to A, is W. by N. 
a quarter W. back to the Place firſt failed from. And again; 


Hypothenuſe DE Radius:: Leg BE . S. c. BED, or AED. 
85 Leagues . S. god. : : 75 Leag. ++ S. 61d. 55m. 
Subtract from - - - - - - - god. oom. 


Reſteth the Angle AED « - 28d. o5m. 
| Which 
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Which ſubtract from the South Eafterly 8 1d. 52m. leaveth 
53d. 47m. or S E. three quarters E. neareſt, for the ſecond Ship's 
Courſe from D to E. 

Theſe are the Kinds of Queſtions relating to Oblique Tri- 
angles, tho' Multitudes may be propoſed, of which here fol- 
loweth a Taſte, to exerciſe the Young Learner ; all of them to 
be reſolved by the foregoing Methods. | 


Prob. V. Suppoſe a Merchant-man'in 45d. zom. North Latitude 
falls into the Hands of Pyrates, who take away his Sea Compaſs ; 
after which he ſaileth as directly as he can 67 Leagues between 
the South and Weſt, and at the End of the two Days meets a 
Ship of War,' who alſo had been the Day before in 45d. 3om. 
North Latitude, and had ſailed thence SE. by S. 39 Leagues; 
now the Merchant-man left thoſe Pyrates lying too and fro where 
they robbed him, and the Man of War being deſirous to find them; 
I demand what Courſe he muſi ſhape to ſpeak with them F 


Anſw. North 61d. zm. Eafterly, or NE. by E. half E. the 
Man of War muſt ſteer to find the Pyrates. 

For this Problem is an Oblique Triangle ; two Sides and one 
Angle oppoſite given, to find the Angle oppoſite to the other 
Side; which Triangle is thus made. 


1. Deſcribe a Circle with the Chord of 60 Degrees, and 
quarter it, on whoſe Diameter ſet N. E. S. W. and A at the Cen- 


ter: but (always) N. at the upper Part, and E. at the Right- 
hand of the Circle. 


2. Then lay 3 Points from S. towards E. on the Circle, and 
draw the SE. by S. Line, (AD) 39 Leagues in Length. 


3- With 67 Leagues, and one Foot on D, croſs with the other 
the Line WAE (produced to the Eaſtward) in C, the Place 
where the Ship fell in with the Pyrates, 


4. Then draw a Line from C to D, and it is done; For A 
and C are both in the Latitude of 45d. 30m. the Side AD 
repreſents the Man of War's Courſe and. Diſtance, and the Side 
CD the Merchant- man's after he loſt his Compaſs, ſo that the 
Angle ACD bcing meaſured on the Scale of Chords, will ſhew 
her Courſe from the Weſt, towards the South, the Complement 
of the oppoſite Point thereof is the Man of War's Courſe North 
Eaſterly, to find the Pyrates. 


Problem 
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Problem VI. Coafting along Shore, I ſaw two Capes of Land; 
the firſt did (by the Compaſs) bear N. the ſecond WNW, then 
1 flood away NW. by N. 9 Minutes, until the fir/t bore from 
me E. by S. and the ſecond 8. by E. the Bearing and Diſtance of 
them is required: 


Anſw. South 37d. 58m. Weſterly, or SW. by S. half W. 
and NE. by N. half E, neareſt, Diſtance Minutes 6.221 Parts 
of a Thouſand. | 

Nate, In all Queſtions of this Nature, you muſt, as prepara- 
tive Work, find the Diſtance of each Cape from the Ship, either 
at firſt ſetting, or at laſt ſetting ; which is evident by the Pro- 


jection, thus; 


1. Having drawn a Circle, quartered it, and placed the Letters 
N, 8, E, W, and A; as directed in the laſt Problem, produce 
AN up higher, becauſe the firſt Cape's Bearing is North. 


2. Lay 6 Points from N, towards W, and draw the WNW. 
Line, for the ſecond Cape's Bearing. 


8 Lay 3 Points from N, towards W, and draw the NW. 
by N. Line 9 Minutes long, from A to D, the Ship's Courſe 
and Diſtance. 2 


4. Then lay 7 Points from 8, from 8, towards E, and laying a 
Scale on it and A, draw an E. by S. Line from D, Parallel to the 
Edge of the Scale, to cut the North Line in B, the firſt Cape. 


5. In like manner, lay one Point from 8, towards E, and lay 
a Scale on it, and A; draw a S. by E. Line from D, parallel to 
the Edge of the Scale, to cut the WNW. Line in C, the ſecond 
Cape. 

6. Draw a Line from B to C, and it is done. For the Line 
BC repreſents the Bearing and Diſtance of the two Capes, from 
each other, which being meaſured on the ſame Scale the Side 
AD was taken from, will ſhew their Diſtance aſunder. And the 
Angle ABC, meaſured on the Scale of Chords of Rumbs, will ſhew 
their Bearing, which is South Weſterly, and North Eaſterly. 

But to find theſe Things by Trigonometry, it is neceſſary to 
find the Sides AB and AC; or elſe the Sides DB and DC;, 
which is done in two Oblique Triangles ABD, and ACD, in 


each, all the Angles, and one Side are given, to find a Side. 


And Note, A repreſents the Place of the Ship at firſt ſeeing the 
Capes, and D the Place at laſt Sight, or ſetting them. 

So that, when the Sides AB and AC, or DB and DC, are 
found, then is there either the Oblique Triangle BAC, or BDC 


to 


— 
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to work in; then BC (the Side common to both Triangles) 
with its adjacent Angles may be found, by which their Bearin 
and Diſtances from each other are diſcovered: And in each Tri- 
angle there are two Sides and one Angle between them given, to 
find the other Angles, and third Side; which is to be wrought 
as the third Problem of this Section. ä 


Prob. VII. Suppoſe a Ship failing NW. two Iſlands appear in 
Sight, one bears WNW the other N. from the Ship, and when 
the Ship hath ſailed 6 Minutes further, the firſt bears W. by 8. 
and the other NE. Their Boaring and Diſtance is required 


Anſfw. South 58d. 40m. Weſterly, or SW. by W. a quarter 
W. and NE. by E. a quarter E, Diſtance is Minutes 9,7 Tenths, 
found out as before, in the laſt Problem. 


Prob. VIII. Three Ships ſail from one Port, the firſt ſails SW, 
by W. the ſecond W. by S. half W. and the third NW. by W.8 
Min. then the firſt bears from the third 8. by W. the ſecond bears 
from the third SSE. The firſt and ſecond Ship's Diftance ſailed, 
and their Bearing and Diſtance from each other is required 


Anſw. Firſt Ship's Diſtance Minutes 10.45, ſecond Diſtance 
Minutes 4.644, their Bearing North 37d. 15m. Eaſterly, or NE. 
by N. a quarter E. and SW. by S. a quarter W. Diſtance Mi- 


nutes 6.719. This alſo is wrought by the Direction of the 6th 
Probleni. 


Prob. IX. Admit ſailing along Shore, J ſee two Headlands, the 
Eaſtermaſ bears NNE. and the IVe/terms/t NW, off me, at the 
fame time an Ifland bears S. then after I ſailed W. 8 Miners 
the firſt did bear NE, by E. half E. the ſecond NNE. and tbe 
and ESE. frem me: The Bearing and Diſtance of theſe 


laces from each other is required? 


Anſfw: The Headlands bear North 88d. 48m. Weſterly, or 
Eaſt and Weſt neareſt, Diſtance Minutes 7.934. The Eaſter- 
moſt Head-Jand bears from the Iſland, North 14d. 29m. Eaſt, or 
N. by E. a quarter E. and S. by W. a quarter W. Diſtance 
Minutes 9.995, and the Weſtermoſt Headland bears from the 


Iſland, North 32d. 14m. Weſt, or NW. by N. and SE. by 8. 
Diſtance Minutes 10.6 Tenths. 


This 
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"This is of the ſame Nature with the 6th Problem, only here 
are three Things to be found as preparative, viz. the Diſtance of 


_ each Headland, and the Iſland from the Ship, and confequently 
to find each of their Bearings and Diſtances, in the three ſeveral 


Triangles, nine diſtin& Statings and Operations are required, 
The next four Problems are uſed in turning to Windward. 


Problem X. Suppoſe the Mind South, and a Ship is bound to a 
Port 400 Leagues directly to Windward, and makes ber Way good 
within 6 3 Points of the Wind. I demand her Diſtance ſailed 
upon each Tack, to gain the ſaid Port? 


Anſio. 822.9 Leagues, is the Ship's Diftance failed on each 
Tack. It is projected by the Plane-Scale, thus; 

1: Deſcribe a Circle with a Chord of 60 Degrees, quarter it, 
and place N. E. S. W. and A, as directed in Problem 5. 

2. Lay 4co Leagues on the Meridian, from A (Southerly) to 
B, the Place the Ship is bound unto. 

3. From S. lay 64 Points towards E, and by it from A, draw 
the ESE. 2 E. Line AC. 

4. Alſo lay 64 Points from S. towards W. and laying a Scale 
on it and A, draw a WSW. 5 W. Line from B, parallel to the 
Edge of the Scale, to cut the ESE. 4 E. Line in C, the Place 
where the Ship tack'd, and it is done. 

For, A repreſents the Place the Ship ſailed from, B the Port 
400 Leagues directly to Windward, AC equal to CB, the 
Ship's Diſtance ſailed on each Tack; which being meaſured 
on the ſame Scale AB was taken from will ſhew how much 
It is. 

But to work it by Trigonometry, in the Oblique Triangle 
ABC, all the Angles and one Side AB being given, the other 
Sides AC and CB are found, as in the fri Problem of this 
Section: And becauſe two Angles are equal, the Sides oppoſite 
to them are alſo equal; therefore one Proportion finds AC equal 


to CB. 


Prob. XI. The Wind SW. and a Ship plying to Windward, (mak- 
ing one or many Boards) hath run gco Leagues; that is, 450 
with the Larboard Tack aboard, and 450 wich her Starboard 
Tock aboard, is got 300 Leagues directiy to Windward : I demand 
how near the Wind ſhe makes her May? 


Anſiw. 70d. 32m. or 6 Points and a quarter from the Wind, 
which is thus delienated by the Plane-Scale. 
I. A 


LAM 
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1. A Circle being deſcribed, quartered, and lettered, as hath 
been directed in the former Problems; then lay 4 Points, from 8, 
towards W, and by it and A, drawa (SW.) Line 300 Leagues 
long, from A to B. | 

2. With 450 Leagues (taken from the the ſame Scale AB 
was taken from) and one Foot on A, make an Arc; alſo with 
the ſame, and one Foet on B, croſs the former Arc in C. 

3. From C, draw Lines to A and B, and it is done: For the 
Angle BAC, equal to the Angle ABC, meaſured on any Scale of 
Chords, ſheweth how near the Wind the Ship makes her Way. 

But by Trigonometry, thus: In the Triangle ABC, all three 
Sides are given, to find the Angles, which may be done by the 
Fourth Problem of this Section: But, becauſe the Sides AC and 
BC are equal, therefore let fall a Perpendicular from C to the 
SW. Line AB, as AD, which cuts AB in the Middle, making 
AD 150 Leagues equal to B, and fo reduces the Oblique Tri- 
angle ABC in two equal Right-angled- Triangles, ADC and 
BDC ; whoſe Sides, and Angles in each Triangle are equal to 
one another; ſo that one ſerveth to anſwer the 
Queſtion. 

For in the Right-angled-Triangle ADC, there is given the 
Hypothenuſe AC 450 Leagues, and Leg AD 150 Leagues; to 
find the Angle CAD, which is equal to the Angle CBD (the 
Ship's Courſe from the Wind) which is done by Note 2. of 
Axiom 1. of Plaxe Triganometry, thus, 


Hypot. AC. Radius:: Leg ADS. ADC=BCD. 
450 Leag. . S. od.: 150 Leag.-+S., 190d. 28m. 
Which ſubtract from — — — god. oom. 


Remainder is the Angle CAD=ABC 7cd. 32m. or 64 pts. 
the Ship's Courſe from the Wind SW. that is, her Couric is 
SSE. I E. with her Starboard Tacks aboard, and NW, by W. 
2 W. with her Larboard. 


Prob. XII. Admit a Ship bound to a Port that lieth SW. by S. 
484 Leagues Diſtance, the Wind S. by E. and makes her May 
good within 64 Points of the Mind: I demand how far fhe muſt 

ſail upon each Tack, to gain the Port? | 


Anſw. 689 8 Leagues on her Larboard Tack, and 326.3 
Leagues on her Starboard Tack, to arrive at the Port, which is 
thus demonſt;ated by the Plane Scale. 


1. The 
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1. The Circle deſcribed; quartered, Ic. as formerly, lay one 
oint from 8, towards E, and by it and A draw a S. by E. Line 
B, repreſenting the Wind. 

2. From 8, towards W, lay 3 Points, and by it and A draw 

a SW, by S. Line 484 Leagues long, from A to C. 


3. From the Wind (S. by E.) lay 64 Points towards W, and 
by it and A, draw a (SW, by W. {4 W.) Line AD. 


4. Likewiſe lay 64 Points from the Wind (S. by E.) towards 

„on which Point and A, Jay a Scale; then from C draw an 
(E. by S. 4 E.) Line to cut the Wind, (S. by E.) Line in B, and 
the SW. by W. Z W. Line in D, and it is done: For AD, and 
DC, repreſents the Ship's Diſtance ſailed on each Tack, which 
being meaſured on the ſame Scale AC was taken from, will ſhew 
how much the Diſtance ſailed on each Tack is, 

By Trigonometry it is thus : In the Oblique Triangle ACD, 
all the Angles and one Side is given, to find the other two Sides, 
which is done by the firſt Problem of this Section, in Page 700. 


As S. ADC. Side Ac :: S. ACD Side AD. 

8. 32 Points · 484 leag. : : S. 10 1 Points -- 689.8 Leagues, is 
the Ship's Diſtance failed on her Larboard Tack. | 

As S. ADC--Side AC:: 8. CAD . Side CD. 

8. 3x Points . 484 leag. : : S. 2 Points . 326.3 Leagues, is 
the Ship's Diſtance failed on the Starboard Tack. 


Prob. XIII. Jf two Ports lie SW. by S. and NE. by N. Diſtance 
484 Minutes, the Il ind S. by E. and a Ship ſails fromthe North- 
ermeſt Port, cloſe upon a Wind 695 Minutes, with her Larboard 
Tack aboard, and 332 With her Starboard Tack aboard, and then 
arrives at the Southermo/t Port: I demand hw near the Wind ſhe 
makes hey Way good upon each Tack, 


Anfw. 70d. 32m. on one Tack, and 70d. 31m. on the other; 
which is 64 Points from the Wind; that is SW. by W. Z W. 
— <q Larboard Tack, and E. by S. 4 E. with her Starboard 

ack. | 


Which is thus demonſtrated by the Plane Scale. 


1. Deſcribe a Circle with a Chord of 60 Degrees, quarter it, 
&c. as formerly, then Jay three Points from S towards W, 
and by it and A, draw a SW. by S. Line 484 Minutes long, 
from A to B. | 


2. Lay 
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2. Lay 1 Point from 8, towards E, and by it and A, draw 
the S. by E. Line AC. 


3. With 695 Minutes (taken from the ſame Scale AB was 
taken from) and one Foot on A, make an Arc; alſo with 332 
Minutes, and one Foot on B, croſs the former Arc in D. 


- 4. From D, draw Lines to A and B, and continue the Line 
BD, 'till it cuts the S. by E. Line AC in C, and it is done: For 
the Angles DAC, and ACD meaſured on the Scale of Chords 
or Rumbs, will ſhew how near the Wind the Ship makes her ' 
Way good on each Tack. | | | 

By Trigonometry, it is thus; in the Oblique Triangle ABD; 
all the three Sides are given, to find the Angles; that is, the 
Side AD 695 Minutes, Side AB 484, and Side BD 332; to find 
the Angles BAD, and BDA; which is done by tke Fourth Pro- 
blem of this Section, in Pages 72 and 73. : 

T he next Problems are concerning Currents, 


Prob. XIV. Suppoſe a Current ſets NNE. 7 Minutcs in a certain 
Time, and a Ship ſails SS W. (by the Log) ꝙ Minutes in the ſame 
Time: What is her true Courſe and Diſtance ? 


Anſw. SSW. is the Ship's true Courſe and Diſtance 2 Mi- 
nutes: which is evident by the Plane-Scale, thus: 


1. Having done as formerly directed, in making a Circle, &c. 
lay 2 Points from 8, towards W, and by it A draw a SSW. 
Line, 9 Minutes long, from A to B. | 


2. With 7 Minutes (taken from the ſame Scale AB was taken 
from) and one Foot on B, croſs the Line AB in C, ſo that BC 
may be NNE. and it is done: For AC meaſured on the ſame 
Scale, ſheweth the Ship's true Diftance : Or thus, 

From.the Ship's ſuppoſed Diſtance — SSW. q Min. AB. 

Subtract the Current's Motion — NNE. 7 Min. BC. 


Remains the Ship's true Diſtance — SSW. 2 Min. AC, 
The like is done for the two next following Problems. 

Prob. XV. If a Current ſets E. 4 Min. an Hour, and a Ship ſails 
E. (by the Log.) 5 Minutes in an Hour: The Ship's true Courſe 
and Diſtance is required? ; 

Anſftv. The Ship's true Courſe is Eaſt, Diſtance 9 Minutes. 


Prob. 
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Prob. XVI. A Current ſetting WSW. go Minutes in a known 
time, and a Ship faileth ENE. (by the Log) bo Minutes in the 
| fame Time: What is her true Courſe and Diſtance ? 


 Anſw. WSW. 30 Minutes, fo that ſhe is fallen a Stern, 


Prob. XVII. Suppoſe a Current ſetteth E. 2 Minutes an Hour, 
and a Ship ſails 8. 6 Minutes an Hour, M bat is her true Courſe 
and Diſtance? 


Anſw. South 18d. 26m. Eaſterly, or S. by E. + E. is the 
Ship's true Courſe, Diſtance, Minutes 6 V- 


By the Plane Scale, it is thus demonſtrated, 


1. After a Circle is deſcribed, &c. as formerly, then lay 6 
Minutes on the Meridian from A to B. | 

2. Draw BC parallel to WAE, and thereon lay 2 Minutes, 
from B (towards the Right-hand) to C, | 

. Then draw a Line from A to C, and it is done ; for the 

Angle BAC is the Ship's true Courſe, and the Side AD her 
true Diſtance, | 

By Trigonometry it is thus: The Triangle ABC is a Right- 
Angled-1 riangle, in which both Legs are given, the Leg AB 
6 Minutes, the Ship's ſuppoſed Diſtance, and the Leg BC 2 Mi- 
nutes, the Current's Motion, to find the Angle BAC the Ship's 
true Courſe, and the Hypothenuſe AC her true Diſtance; which 
is done by Axiom the Firit, and Note 1, and 2, of Plane Trigo- 
nometry, in Page 36, 


In like Manner, Problem 18 and 19, are performed. 


Prob. XVIII. If a Ship ſails (five Days together) by the Log, SW. 
725 Minutes, in a Current that ſetteth (in the ſame time . 
280 Minutes: What is the true Courſe and Diſlance ? 


Anſw. South 23d. 53m. Weſterly, or SSW. is the Ship's true 
Courſe, Diſtance uk. Minutes. 8 ata 


Prob. XIX. Admit a Ship ſails W. 530 Minutes, thwart q 
Current ſetting to the Southward ; and then Obſervation, find- 


eth the Difference of Latitude is 4d. or 240 Minutes, 1 demand 
her true Courſe and Diſtance ? 


Anfw. South 91d. 48m. Weſterly, or WSW. 3 W. is the 
Ship's true Courſe, Diftance, 768.5 Minutes. , 125 


Problem 
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Problem XX. 77 a Ship ſails 8. by E 36 Minutes in a Current, 
and then arrives at @ Port which lieth from the Place ſhe departed 
from SE. by S. Diſtance 54 Minutes; I demand the Current's 
Motion, both in Duality and Quantity; that is, How it ſetieth, 
and bow faſt ? | 


Anſwer. The Current ſetteth South 67d. 21m. Eaſt; or ESE. 
is the Drift of the Current as to Quality, and Minutes 24.9 
Tenths is its Drift as to Quantity; and is demonſtrated by the 
Plane Scale after this Manner; 

1. As before, having deſcribed a Circle, c. Lay one Point 
from S. towards E. and by it and A, draw a S. by E. Line 36 
Minutes long, from A to B; 9 6 

2. Lay three Points from S. towards E. and by it and A, 
draw a SE. by S. Line 54 Minutes long, from A to C, = 

. Then draw a Line from B to C, and it's done: For the 
Angle AC B meaſured (on the Scale) ſheweth the Current's Mo- 
tion as to its Quality, which Way from the SE; by S. and the 
Side BC meaſured (on the Scale) ſheweth the Curtent's Motion, 
as to its Quantity, how much, or how faſt, 


hut by Plane Trigonometry, it is thus, 


In the Oblique Triangle ABC, there are given two Sides, and 
an included Angle; that is, the Side AC 54 Minutes, the Side 
AB 36 Minutes, and the Ange BAC two Points, equal to 22d. 
zom. to find the Angles ABC, ACB, and the Side BC, which 
is wrought by Axiom the third, and is like the third Problem of 
this Section. | 


Problem XXI. Suppoſe a Ship ſails from a certain Cape, or Head- 
land, and ( by the Log) in 24 Hours, runneth SSW. 49 Minutes, 
in a Current ſetting between the N. and the W. and then the Cape 
did bear ENE. from the Ship, and by Obſervation, the Difference 
of Latitude was 30 Minutes; I demand the Current's Motion ; 

' that is upon what Point of the Compaſs, and how faſt ; 


Anſw. The Current ſets North 74d. 7m. Weſt, or WNW, 
half W. neareſt, and at the Rate of Minutes 2.325 an Hour, 
and is thus demonſtrated by the Plane Scale. | 

1. After the Circle is deſcribed, quartered, &c. lay two Points 
from S towards W, and by it and A draw a S8 W. Line 49 Mi- 
nutes long, from A to B. | 

2. Lay fix Points from S towards W, and by it and A, draw 
a WSW. and ENE. Line AC. EM 


F 3- Lay 
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3. Lay 30 Minutes (on the Meridian) from A to D, and fr 
D * a Wed Line parallel to AW, to cut the WSW. Live 
in an 


4. Then draw a Line from B to C, and it fo done : For the 
Angle ABC being meaſured on the Scale, ſheweth the Current's 


Motion from SSW. and the Side BC being meaſured ſheweth 
| how much the Current ſet the Ship. | | 
. By Piane Trigonometry, it is thus; 

I. In the Right-angle Triangle ADC, there is given the Leg 
AD 30 Minutes, Angle DAC ſix Points, and Angle ACD two 
Points; to find the Hypothenuſe AC, which is done by Axiom ; 

the firſt of Plane Trigonometry. | 

2. Then in the (blique Triangle ABC, there is given the Side 


AB 49 Minutes, the Side AC found before, and the included + 
Angle BAC 4 Points, equal to 45d. to find the Angle ABC, (the 
Cufrent's Motion from SSW.) and the Side BC, its Motion how | 
much, which is ſolved by Aviom the 3d, as was the laft Problem. | 

Let this ſuffice for the Firſt Part of Navigation, commonly 
called Plane Sailing, though many more Problems might be in- 
vented. Wright's Sailing is next in Order, 


CHAPTER N. 

The Second Part of NAVIGATION, or the Doftrine of 
Plane Right-Angle-Triangles, appiied in Problems of 
Mr. Wright's Sailing, commonly called MERCATOR 

_ SAILING. | | 

I T is neceſſary to deſcribe Mr. Vrigbt's Chart, and ſhew the 


Uſes thereof, before the Problem- of Sailing by it, which, 
by this Method, will be eaſier underſtood, | 


Section I. The Deſcription and Uſe of Mr. Wright's Chart. 


T HIS Projection ſuppoſeth the Earth and Sea to make one 
round Body or Globe: In order to the right underſtanding 

of which, obſerve the following Definitions. 
1. Upon this Earthly Globe are imagined two oppoſite Points, 
one called the North Pole, the other the South Pole; as Pand I, 

Plate 5. Fig. 1 

2. In the Middle between theſe two Poles, or equally diſtant 
from each, is drawn a Circle round the Globe, called the 
Eguater; 


— — 
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Eguator; from which Latitude taketh its beginning, and in 
which Longitude is reckoned; as AQ. | 

3- Any Circle drawn through both Poles, is called a Meri- 
dian, as PMI, PNI, &c. anſwerable thereunto is any North or 
South Line drawn in the Chart. | 

4. Thoſe Circles which are parallel to the Equator, are called 
Parallels of Latitude; as at, Z lt, Cc. and are repreſented in 
the Chart by the Eaſt and Weſt Lines. | 

5. Latitude of a Place, is the (neareſt) Diſtance of any Parallel 
paſſing over it from the Equator ; from thence counted both 
Ways to each Pole, ending in go Degrees, the greateſt Latitude. 

6. North Latitude, is on that Side of the Equator towards the 
North Pole, and South Latitude on the other Side of the 
Equator, towards the South Pole, 5 

7. Difference of Latitude, is the (neareſt) Diſtance between any 
two Parallels, and ſheweth how far one Place is to the North- 
ward or Southward of another, it never exceeds 180 Degrees. 

8. Longitude, is reckoned in the Equator, round which (by 
ſome) it is counted increaſing to the Eaftward. till it ends (where 
it firſt began} in 360 Degrees, the greateſt Longitude : Others 
(as Mr. Falch, in his Mariner's Compaſs Recti fed, and alſo now 
in the Mariner's New Calendar) reckon it from one Meri- 
dian, both Eaſterly and Weſterly, till both Accounts meet at 
180 Degrees in the oppoſite Meridian, as in both the aforeſaid 
Books, Longitude with the Engliſh begins at the Meridian of 
London, and from thence is counted Eaſterly, Eaſt Longitude 
180 Degrees; and Weſterly, Weſt Longitude 180 Degrees, at 
which both Lonigtudes end. 
9. Difference of Longitude, is that Diſtance or Portion of the 
Equator contained between the Meridians of any two Places, 
and ſheweh (in the Equator) how far the Me: idian of one Place 
is to the Eaſtward or Weſtward of the Meridian of another, 
and never exceeds 180 Degrees. 


From th-ſe Definitions, or Principles, there muſt neceſſarily 
follow theſe Theorems. 


1. The Diflance of any two Meridians, in any Parallel of Lati- 
tude, is leſs than their Diſtance in the Equator, becauſe all Meri. 
dians on the Globe meet in the Poles, | 

2. The Degrees of Longitude diminiſh towards each Pole; 
and the nearer the Pole, the leſs they are, becauſe the Meridians 
approach nearer to one another, the farther you ſail from the 
Equator, towards either Pole. 

* 3. The 
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3. The Degrees of Latitude are equal in all Places or Parts of 
the Globe. | r 

4. The Plane Chart, which counteth the Degrees (as well of 
Longitude as of Latitude) in all Places, to be equal, is notori- 
ouſly falſe. 

5. Mr. Wright's Projection (commonly known by the Name 


of Mercator's Chart) wherein (though the Degrees of Longi. 


tude are equal, having the Meridians parallel to one another) 
the Degrees of Latitude are enlarged towards each Pole, in the 
ſame Proportion as the Degrees of Longitude diminiſh on the 


Globe, will in all reſpects agree with the Globe, and is a true 


Way of Sailing. 

T heſe Definiticns and Theorems duly conſidered, there needs 
no further Deſcription of this Chart, it having only this Dif- 
ference from the Plane Chart before deſcribed in Chap. 3. Sect. 2. 
Page 53, that the Equator is diviced and numbered in Degrees, 
as the graduated Meridian is m the other; the Uſes are as 
follow. 


Problem I. To find the Latitude of any Place in the Chart. 


This was taught before (in the Uſe of the Plane Chart) in Page 
54, and needs no further Rule or Example. 


Problem II. To find the Longitude of any Place in the Chart. 


The Rule, 1. Take the neareſt Diſtance from the propoſed 
Place, to any Meridian. | | 


2. Move the Compaſſes (being kept at that Diſtance with one 
Foot on the Meridian) till both Feet come to the Equator, and 
the Foot which ſtood on the propoſed Place ſheweth its Longi- 
tude required, 


? 


Example. I demand the Longitude of the Lizard in England? | 


Anſw. gd. 42m. according to the old Way of computing the 
Longitude from the Meridian of Pico Teneriffa; but 5d. 14m 
Weſt Longitude, counting Eaſt and Weſt Longitude from 


the Meridian of Landen, according to the Mariner's Compaſs 
Retiified, 


Note; 
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Note; Some Charts begin Longitude at the Lizard, counting 
from thence Eaſtward and Weſtward, 180 Degrees. | 


Problem III. To find the Courſe or Bearing of any two Places in 
the Chart. 


This is done as before, in the Uſe of the Plane-Chart, in 
Page 55, and needs no Example. 


Problem IV. To find the Diſtance of any two Places in the Chart. 


In this Problem are four Caſes; thetwo Places may be ſituated | 
under one Meridian, under the Equator, or in one Parallel, or 
they may differ both in Latitude and Longitude, 


Caſe 1, Two Places under one Meridian (that is, differing only in 
Latitude) being given, to find their Diſtance. 


The Rule, Find the Difference of Latitude between the two 
given Places, and it is the Diſtance required. 
How to find the Difference of Latitude between the two 


Places, has been taught in Chap, III. Sect, III, of Plane-Sailing, 
in Page 57. | 


Caſe 2. Tio Places in the Equator given, to find their Diſtance. 


The Rule, Find the Difference of Longitude hetween them, 
and it is the Diſtance required, 


How to find the Difference of Longitude, will be ſhewed in 
the next Section, in Page 89. 


Caſe 3. Two Places in one Parallel (that is, differing only in Len- 
_ * gitude) being given, to find their Diſtance. 


The Rule. 1. Take the Diſtance between the given Places 
in the Compaſſes. 

2. Lay that Diſtance on the graduated Meridian, ſo that one 
Foot may be as many Degrees above the Parallel of the given 
Places, as the other below it, there ſtay the Compaſſes. 

3. Count the Degrees between the Feet of the Compaſſes, and 
it is the Diſtance required, 


Example. I demand the Diſtance ſrom the Lizard in England, 10 
Pengwin Iſland or the Coaſt of Newfoundland, both being nearly 
in the Latitude of 50d. oom. North. 


1 Here 
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Here, The Diſtance from the Lizard to Pengwin Iſland applied 


to the Meridian as directed, will reach from 31d. 3om. to 62d, 


oom. the latter being as much above 50d. oom. as the former is 
below it; and the Degrees intercepted are 303, or 610 Leagues, 
which is the Diſtance required. Or, 

Take the Length of the Degree in the given Latitude, as here 
from 49d. 3om. to 50d. 3om. turn that over in a ftrait Line, 
from the Lizard to Penguin Iſland, and it is 304 Times; which 
ſhews the Diſtance 30d. 30m. as before. 


Caſe 4. Two Places differing in Latitude and Longitude, being 

given, to find thar Diſtance, | | 

. The Rule. 1. Take their Diffetence of Latitude from the 
Equator. | 

2. Lay a Ruler on bath given Places, apply that Diſtance ſa 


to the Ruler's Edge, that when one Foot is placed cloſe to the 


Ruler, and the other turned about, it may juſt touch ſome Eaſt 


and Weſt Line, croſſed by the ſaid Ruler's Edge, there ſtay the 
Compaſſes. 


Then the Diſtance (by the Ruler's Edge) from the Place 
where the Compaſſes reſted, to that Place where the Ruler croſſ- 
eth the aforeſaid Eaſt and Weſt Line, meaſured on the Equator, | 
giveth the Diſtance required. | 


Example. 


I Sd the Diſtance from the Lizard, to the Iſland Barbadors? 
The Lizard's Latitude is — 49d. 57m. ( by pra- 
And Barbadoes Latitude is — 12d. 58m. So 25 


” 


— 


Their Difference of Latitude 36d. 59m. 

Then take their Difference of Latitude 36d. 59m. from the 
Equator, and laying a Ruler on both Places, apply one Foot of 
the Compaſſes ſo to the Ruler's Edge, that turning the other 
about, it may touch an Eaſt and Weſt Line, croſſed by the Ruler; 
then the Diſtance (by the Ruler's Edge) from the Place where 
the Compaſſes reſted, to the Place where the Ruler croſſed the 
afereſaid Eaſt and Weſt Line, meaſured on the Equator is 57d. 
45m. or 1155 Leagues, the Diſtance requires. 

And here obſerve; the Meridian Line and Line of equal Parts 
next one to another on the Guntey's Scale, the firſt repreſents the 
Meridian Line, and enlarged Degrees of Latitude in a Mercator's 
Chart; the latter the Equator-Line, and the Degrees of Longi- 
_—" « naar ee e enen 


Thus 
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Thus much for the Uſe of Mercator's-Chart, Problems of 
failing thereby are next ; but firſt ſome preparatory Problems in 
Geography. 


Section II. Some neceſſary oye 5" 20 Problems uſeful in 


Mercator's-Sailing. 


T HES E Problems properly belong to Geography, but are ne- 
ceſſary in failing by Mr. Mright's (commonly called Merca- 
tor's) Chart, and fot that Reaſon are placed here. 


Note, That all the Places mentioned in this Book, their Lati- 
tudes and Longitudes were taken from a Chart, intitled, A new 
and exac Chart, containing the Sca Coaſl of Europe, Airica, and 
America; from England t Cape Bona Eſperanſa, and from 
Newfoundland to the Straits of Magellan, accerding to Mr, 
Edward Wright's Projection, and Publi/h:d by J. Mount, and 
T. Page, on Tower- Hill. 


This Chart has been new made, and lately corrected, wherein 
the Longitude of Places is reckoned from the Meridian of London, 
agreeing with the Marinar's Compaſs Retlified : As for the Diſ- 
agreement that may be found betwcen it and Tables oz Latitude 
and Longitude in other Books, it is not to be regarded; becauſe 
the Tables themſelves conſiderably diffe ore from another, the 
Longitude being taken from different Meridians, or differently 
counted, as may appear by the following Problems, 


Problem 1. The Latitudes of two Places given; to find cheir 
Difference of Latitude, 


Rub r. If the two Places are upon the ſame Side of the Equa- 
tor, that is, both in North Latitude, or both in South Latitude, 
ſubtract the leſs Latitude from the greater, the Remainder is the 
Difference of Latitude, 


Rule 2. If one Place be on one Side of the Equator, and the 
other Place on the other Side ; that is, one Place in North Lati- 
tude, the other in South ; add the two Latitudes together, and 
the Sum is the Difference of Latitude. 


Obſerve 1. If a Ship fails from a great North Latitude to 

a leſs, ſhe fails Southerly ; and if a Ship, fails from a leſs North 

Latitude to a greater, ſac ſails Northerly, which is called raiſing 
the Pole, | 

F 4 2, If 
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2. If a Ship fails from a great South Latitude to a leſs, ſhe 
ſails Northerly ; but if the fails from a leſs South Latitude to a 
greater. ſhe ſails Southerly. 
3. When a Ship croſſes the Equator, and ſails from North La- 


titude into South, the Difference of Latitude is Southerly; or if 


ſhe ſails from South Latitude into North, ſhe ſails Northerly. 


Example 1. I demand the Difference of Latitude between the Lizard, 
„ 2nd [ſland Barbadoes. | 


The Lizard . — . 49d, m. 
I. 2 Latitude } 6 ny { North, | 


Their Diff. of Latitude by Subtraction is 360, 5gm. equal to 
2219 Minutes. | | 


Example 2. 7 o find the Diffrrence of Latitude between the Iſland 
Barbadoes and iſland St. Helena Nova. 


re — 12d. 58m. North. 
Iſland 12 Hina * Latitude ö —— 16d. oom. South. 


. 


Their Diff. of Latitude or Diſtance by adding, is 28d. 58m, equal 
to 1738 Minutes, | 


Problem II. The Latitude of one Place, and the Difference A 
Latitude between that and another Plice being given, to find the 
Latitude F the latter Place, or Latitude the Ship is in. 


e. . 
The Latitude, and Difference of Latitude given, being of 


— | Name their ) — or the Latitude required, 


Or thus, in two Rules. 


1. North oY North- 
Rule 1. In | oe” Lat. ſailing to the <P : ward, add 
the Difference of Latitude to the given Latitude, the Sum is the 
Latitude required, of the ſame Name. ä | 
Rule 2. In | Soup | Lat. failing to the | Net. var. 


North- 
ſubtract the leſs from the greater, the Remainder is the iequircd 
Latitude of the ſame Name with the greater, 


Example 
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Example 1 Sailing from the and Barbadees North Eaſtward, 
until 72 Difference of at arm 372 Leagues; What Lati- 
tude is the Ship in? | 

I. Barbados, Latitude is — — 12d. 58m, North. 

The Difference of Lat. 372 Leag. or 18d. 36m. Northerly. 


Add, is the Latitude the Ship is in 310. 34m, North. 


Eramp. 2. From the Lizard, a Ship fails South Weſtward, 
until the Difference of Latitude be 137 Leagues; what Lati- 
tude is the Ship in? 


The Lizard Latitude is — — 49d. 57m, North. 
The Difference of Lat, 137 Leag, or 6d. 51m. Southerly. 


The Lat. the Skip is in by Sub. is— 43d. obm, North. 


Example 3. From St. Helena-Nova a Ship fails North Weſt. 
ward until the Difference of Latitude be 419 Leagues ; What 
Latitude is the Ship in ? | 


I. St. Helena, Latitude is — — 16d. oom. South. 
The Difference of Lat. 419 Leag. or 20d. 57m. Northerly, 


Latitude the Ship izin — — 44. 57m. North. 


Problem III. The Longitude of two Places given; to find their 
Difference of Longitude, 


I. A Ecording to the old Way of counting the Longitude, the 
Rule is thus, : 
Subtract the leſs Longitude from the greater, the Remainder 
(if leſs than 180 Degrees) is the Difference of Longitude ; but 
if the Remainder be more than 180 Degrees, ſubtract it from 
360 Degrees, the laſt Remainder is the Difference of Longitude. 
2. According to the new Way of counting the Longitude, in 
the Mariner”s Ene 5 Reftified, the Rule is thus; 

If both Longitudes be Eaſt, or both Weſt, ſubtract the leſs 
from the greater, the Remainder is the Difference of Longitude ; 
but if one be Eaſt, and the other Weſt, add them together, and 
the Sum (if it exceed not 180 Degrees) is the Difference of Lon- 

itude; and when the Sum doth exceed 180 Degrees, ſubtra it 
rom 360 Degrees, the Remainder is the Difference of Longitude 
required, ; 


— ,  —U'—,, — — 
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Example x. I demand the Di fire of Lonritude, betewern ile 
Lizard and Jfand Teneriff, one / che Canary Ifands? 


d. m. 


According to the old Account, Long. of , 7 np - 


Their Difference of Longitude by Subtrading is — — 9 42 
i | Lizard is 14W, 
According to the Mar. Compaſe, Lon. of I. Texeriff 18 28 W. 
Their Difference of Longitude by Subtraction is — 11 IA W. 
Their Diffe:ence of Longitude between thoſe two Places, are 
very different in ſeveral Books, therefore all in this Book are 
taken from the Chart aforeſaid, or from the Mariner's Compaſs 
Rettrfied. 


Example 2. bat is the Difference of Longitude between the 
Lizard, and I. Barbadoes ? 


By the Mariner's Compaſs Longit. of . Sf - g — 6 4 


SubtraQ, is the Difference of Longitude — 5d. 36m. 
equal to 3246 Minutes, | 


Problem IV. To know when the Difference of Longitude between 
e two Places is Eafterly or Wifherly. 


1. A Ceording ts the old Way of counting the Longitude, the 
Rule is thus : 


If the Remainder (firſt found) be leſs than 180 Degrees, and 
* are bound to that Place, which hath (of the two) the greater 

ngitude. chen is the Difference of Longitude Eaſterly; but if 
you are to ſail to the leſs, it is Weſterly : And when the firſt Re- 
mainder is more than 180 Degrees, it is juſt the contrary. 


42 According to the Mariner's Compaſs Recti fed, the Rule is 
us; } 

When the Longitude of the two Places are both Eaft or both 
Weſt, and you are to fail to the greater Longitude ; then the 
Difference of Longitude is, (according to the Name of the Lon- 

itude) Eaſt or Weft : But if bound to the leſs Longitude, then 
is the Difference of Longitude contrary, that is, Weſt in Eaſt 
Longitude, and Eaſt in Weſt Longitude: And if one Place lies 
in Eaſt Longitude, and the other in Weſt, the Difference of Lon- 
gitude bet een them, is according to the Name of that Longitude 
ou are bound unto, that is, Eaſt, if to Eaſt Longitude; and 
eſt, if to Weſt Longitude, 


Problem 
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Problem V. be va of one Place, and the Difference of 
| Longitude between that and another Place, being given; to find 
the Longitude of the laſt Place, or the Longitude the Ship is in. 


I. A cording to the old Way of counting the Longitude, the 


Rules are theſe following. 


Rule 1. Sailing to the Eaſtward, add the Longitude, and the 
Difference of Longitude together, the Sum, (but if it exceeds 


360 Degrees ſubtract 360 Degrees therefrom, the Remainder) is 


the Longitude the Ship is in, 

Rule 2. Sailing to the Weſtward, ſubtract the Difference of 
Longitude, from (but if the Difference of Longitude be the 
greateſt, add $60 Degrees to) the Longitude of the firſt Place, 
the Remainder is the Longitude the Ship is in. 

2dly, According to the new Way of counting the Longitude 
jn the Mariner's Compaſs ; the Rules are theſe ; 


Rule 1. In Eaſt Longitude, ſailing to the Eaſtward, and in 
Weſt Longitude, failing Weſterly, add, gives the Longitude the 
Ships is in, (if it exceeds not 180 Degrees) agreeing with the 
Name of the firſt Place; but if it doth exceed, ſubtract it from 
360 Degrees, the Remainder is the Longitude the Ship is in, 
of a contrary Name to the firſt, 

Rule 2. In Eaſt Longitude, failing Weſterly, and in Weſt 


% 


E ſailing Eaſterly, ſubtract, gives the Longitude the 
hip is in, whoſe Name agrees with greater. 


Example 1. Sailing fram Barbadoes North Eaſterly, *till the 
Difference of Longitude be 275 Leagues, What Longitude is 
the Ship in? | J. W 

y the Mariner's Compaſs, Long. of the I. Barbadoes is 58 50. 
be Difference of Longitude is 275 Leagues, or — 13 45E. 
| 1.15 


Subtract, gives the Longitude the Ship is in — 45 osW, 


Example 2. From the Lizard a Ship ſails S. Weſterly, till the 
Difference of Long. be 352 Leag. What Longitude is the Ship 
in? d. m. 
1 the Mariners Compaſs, Longitude of the Lizard is 05 14 

he Difference of Longitude is 352 Leagues — 17 36 W. 


Add, gives the Longitude the Ship is in — — 22 500. 


Thus much for the Preparation to Sailing by this Chart, the 
Problems are next. | 
Sect, 
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Sect. III. Containing Problems of Sailing by Mr. Wright's Chart, 


commonly called Mercator's Sailing, 


JN the Working of theſe Problems, a Table of Meridional 
Parts is neceſſary; accordingly out of Mr. Wright's Table, I 
have drawn one to every fifth Minute of Latitude, counting the 
Meridional Parts in Miles, or Minutes of the Equator: See Pages 
204, and 305, for their Uſe ; which Table you will find placed 
Defore the Table of Logarithms, whoſe Uſe is to find the Neri. 
dional Difference of Latitude, between any two given Latitudes, 
and that is done by the next Problem. 


Problem I. To find the Meridional Difference of Latitude, or the 
Difference of Latitude in Meridional Parts. 


The RULE M, 


The Latitudes of | _ f Name, the f a { of the 


a contrary um 
Meridional Parts, (found in the Table of Meridional Parts) an- 
ſwering to the Degrees and Minutes of each Place's Latitude, is 


the Meridional Difference of Latitude required, 


3 1. Iſland Barbadoes, and St. Thomas, an Iſland 9 the 
Coat of Gabon in Africa; What is the Meridional Difference 


of Latitude? 
| » q = 18 Minutes 
1 Barbadoes 12d, 58m. N. 8 
Inland | St. Thomas | Lat. | ood. oom. { Mer. to. — 


— ——_— 


Meridional Difference of Latitude — — — 785 


Example 2. The Lizard and Iſland Barbadoes ; What is their 
| Meridional Difference of Latitude. 


ixar . 40d. 57m. . 
J. Bede Latitude j w_ TT | N, Merid, Parts j I 


SubtraQ, gives the Meridional Difference of Latitude — 2685 
Example 
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Example 3. Hand Barbadoes, and Illand St. Helena ; IVhat is 
| their Meridional Difference of Latitude? _ 


Min. . 


16d. oom. 8. 973 


Add, gives the Meridional Difference of Latitude — 1758 


Barbadoe: F 12d. 58m. N. a 785 
Inand + Helena | Lat. j | Merid, Parts 


Problem II. The Latitude and Longitude of two Places given; to 
find the Courſe and Diſtance. + 


Example. What is the Courſe and Diſtance from the Lizard to 
the Ifland Barbadoes ? 


; d. m. Min. .- di. 
22 Lat. 12 r. Mer. Pts. 0 E. | Lon: ſ 5 14W 


Dif. of Lat.——36. 59 8. Mer. Diff. Lat. 268 5 Diff. Lon. 53 36W 
60 , 0 


. 


— — 


or 2219 or 3216 Min. 


This Rectangle Triangle ABC (Plate 3. Fig. 5.) is made by 
Problem 1 3. of Practical Geometry, after this Manner. | 


1. From A repreſenting the Place failed from, lay the Meri- 
dional Difference of Latitude to B. | 


* 


. 2. Draw BC perpendicular to AB, and thereon lay the Dif- 
ference of Longitude from B to C. | 


3. From A to C (repreſenting the Place the Ship is bound to) 
draw a Line, which concludes the Triangle ABC. Right-angled 
at B, whoſe Angle BAC meaſured on the Scale of Chords or 
Rumbs, ſhews the Courſe or Bearing of the two Places, 


4+ Take the Difference of Latitude, and lay it on the Meri- 

dian, from A to D, and draw a Line DE, parallel to BC, to 

cut AC in E, and it is done: For if AE be meaſured on the 

ſame Scale AD was taken from, it ſheweth the Diſtance between 
the two Places, | 

But to reſolve it by Trigonometry, there are two Rectangle 

; Triangles 


Triangles ABC, and ADE; in the former you muſt Note, 
1. The Leg AB, is the Meridional Difference of Latitude: 
2. The Leg BC is the Difference of Longitude, 


3- The Angle BAC, is the Courſe or Bearing. 
4. The Angle ACB, is the Complement of the Courſe, - 


\ 


Secondly, In the Rectangle Triangle ADE. 


1. The Leg AD, is the proper Difference of Latitude. 
2. The Hypothenuſe AE, is the Diſtance of the two Places. 
3. The Leg DE, is the Departure from the Meridian. | 
4. The Angle DAE, is the Courſe, or Bearing, 
5. The Angle AED, is the Complement of the Courſe. 


Theſe Things being premiſed, the Proportions according to 
Axiom 1. Note 2. of Plane Right-Angled Triangles, are as fol- 
loweth : 2 | - 

1. For the Courſe, the Proportion by Axiom 1. Note 2. is 
this : \ 
If the Leg AB is made Radius, then the Leg BC is the Tan- 
gent of the Angle BAC, and therefore it is, | | 

As the Meridional Difference of Latitude, is to the Radius; 
ſo is the Difference of Longitude; to the Tangent of the Courſe ; 
but more briefly thus: (ERS 
Merid. Diff. Lat. -- Diff. Long. : : Radius ++ T. of the Courſe. 

2685 Minutes -- 3216 Min.:: T. 45d. -» T. Fod. gm. 
Which being turned into Points of he Compaſs, makes the 
Courſe to be SW. half W. nearly. 

2. To find the Diſtance, the Proportion by Axiom 1. Note 1. 
is this : | 

Making the 8 AE Radius, the Leg AD is the Sine 
of the Angle AED, of the Sine Complement of the Courſe, and 
therefore it is, | 

As the Sine Complement of the Courſe, is to the proper Dif- 
ference of Latitude; fo is the Radius to the Diſtance in the 
| Rumb; or more briefly thus: | 


S. c..Courſe.. Diff. Lat. : : Radius -- Diſtanee required. 

S. 39d. 51m. -- 2219 Min. : : S. god. 3463 Minutes, 

Note, The Meridional Difference of Latitude may be found 
by the Gunter's-Scale, thus; 


Extend the Compaſſes from the Latitude of 40d. 57m. (on 
the Meridional Line) to the Latitude 12d. 58m. on the ſams 
| Line ; 


Seck. III. | Mereator's Sir. 9 


Line; that Extent meaſured on the Line of equal Parts will be 
44 7.5.4. or 2685 Minutes, the Meridional Difference of Lati- 
tude, which is the ſame as by the Table. 


Problem III. Both Latitudes and Courſes given; to find the Dif- 
| ance and Difference of Longitude. ar þ 
Example. A Ship ſails from the Lizard, and makes her Courſe 
(when Variation, Lee-way, Oc. are allowed for) to be S. 39d. 
W. or SW. by S + W. and then by Obſervation, is in Latitude 
45d. 3im, N. I demand the Diſtance run, and the Longitude 
ſhe is in? 
d. m. Minutes. 


Lixard , 49 57 N:Txag. x: j 3470 
Obſerve 2} Latitude 45 35 N.] Meridional Parts 3074 


Diferenceof Latitude 4 26 S. Mer. Dif, Lat. 396 


7— — 


— 


Or — — 266 Minutes. 
| To delineate this, or any of the ſeven next Problems, by the 
Plane Scale, as alſo their Reſolutions by Plane Trigonometry, 
the Directions and Notes in the foregoing Problem may be ſuffi- 
cient Inſtructions, and therefore they are omitted till I come to 
Prob. 10. 
1. To find the Diſtance, the Proportion (as in Plane Sailing) 
is this: | 
S. e. Courſe +» Diff. Lat.: Radius · Diſtance. - 
S. 51d. oom. 266 Min.:: S. god. ++ 342 74 Minutes, | 
2. To find the Difference of Longitude, the er is this, 
Radius -- T. Courſe : : Merid. Diff. Lat.. Diff. of Long. 
T. 45d... T. 39d. : : 396 Minutes , 320 25 Min. or fd. 21m. 


Or thus; the Extent on the Meridional Line (on the Gunter) from 
Latitude 49d. 57m. to Latitude 45d. 31m. meaſured on the Line 
of equal Parts, is bd. „ the Meridional Difference of Latitude; 
and then you may ſay, 

T. 45d. T. 39d. : : 6d. 45 ++ 5d, 133, or 5d. 21m. the Dif- 
ference of Longitude, as is found above. 

Then to find the Longitude the Ship is in, it is thus, 

Longitude failed — — — 5d. 14m. Weſt. 
Difference of Longitude 321 Minutes, or 5d. 21m. Weſt, 


(| 


—— — 


Longitude the Ship iz in — — — 10d, 35m. Weſt. 
| | — . * 
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Problem IV. Both Latitudes and Diftance given; to find the 
Courſe, and Difference of Longitude. i 
Example. If a Ship runneth 300 Minutes North Weſtward. 
from a Port in Lat. 37d. N. and Longitude 10d. 25m. W. until 
ſhe be in Latitude 4x Degrees North : I demand the Courſe 
ſteered, and what Longitude ſhe is in? 


Sailed from : Latitude ſ 37d. North | Meri d. Parts | 2393 


Ship is in 41d. North 2702 
Difference of Latitude — 4 North, Merid. Diff. Lat, — 309 - 
| "on | | 3% 


Or 240 Minutes, 


t. To find the Courſe, the Proportion (as in Caſe the 4th of 
- Plane Sailing) is thus; . | 
Diſtance . Radius:: Diff. Lat.. . S. c. Courſe, 
| Min. . . S. god. : : 240 Min. . S. 53d, sm. Which 
fabtract from —— god. oom. 


Remainder is the Courſe — — 36d. 52m. North. 
Weſterly 34 Points of the Compaſs, which makes the Courſe to 
be NW. by N. 4 Weſt, neareſt. | W 


2. To find the Difference of Longitude, the Proportion is thus; 
Radius · T. Courſe : : Merid. Diff Lat. Difference Long. 
T. 45d. T. 36d. 52m, : : 309 Minutes -- 232 Min. or 3d. 52m. 

Or thus, the Extent (on the Meridional Line on the Gunter) 
from Latitude 37d. to Latitude 41d. meaſured on Equal Parts, is 

d. 10m. Meridional Difference of Latitude. Then ſay, 
| T. 4.59. «+ T. 36d. 52m. : : 5d. 258 +» 3d. 88 Parts of 100, or 3d. 
5 zm. the Difference of Longitude as before. | | 
- Longitude failed from — — — rod, 25m. Weſt. 
Difference of Longitude is 232 Minutes, or 3d. 52m. Weſt. 


Longitude the Ship in — — — 146. 17m. Weſt. 


Problem V. Both Latitudes and Departure from the Metidian given ; 
to find the Courſe, Diſtance, and Difference of Longitude. 


” Exampli. A Ship in Latitude 49d. 57m. North, and Longi- 
tude 5d. 14m. Weſt, ſails South Weſtward, till her Departure 
is 789 Minutes, and by Obſervation is in Latitude hrs 20M. 
North ; 1 demand the Courſe ſteered, Diſtance failed by the 
Log, and what Longitude'the Ship is in? 

. The 


1e 


Set, III. Mereator's Sailing. 97 


1. The Proportion for the Courſe and Diſtance, are the ſame 
as in Chapter 3. Section 3. Problem 6. of Plane Sailing, in Page 
62, to which | refer you, and here omit them. 

2. To find the Difference of b the Proportion is 

Departed from 49d. 57m.N. . 3470 . 
Lat. E is in — — 5 Merid. Pts. 2571 (Min, 


— 


Difference of Latit. 10d. 37m. Mer. Diff. Lat. 899 Min. 


09 
| Or, 637 Minutes, Then you 1 1 
As Dif. Lat. Departure : : Merid. Diff. Lat. if, Longit. 
As 637 Min. . 789 Min. : : — any ++ I114m. or 18d, 34m. 
Or thus; the Extent (on the Meridional Line on the Gunter) 
from Latitude 49d. 57m. to Latitude 39d. 20m. (meaſured on 
the Line of equal Parts) is 13d. the Meridional Difference of 
Latitude: And then ſay, | | 
As 937 Minutes . 789 Min.:: 15d. +» 18.55 Hundredths, or 
18d. 33m. the Difference of Longitude, nearly as before. 
3. Then to find the Longitude the Ship is in, it is thus; 


Longitude failed from - - - 5d. 14m. Weſt, 


Difference of Longitude 1114 Min, or - - 18d. 34m. Weſt, 
Longitude the Ship izin = - » = - - 234d. 48m. Weſt. 


Problem VI. One Latitude, Courſe, and Diſtance given; fe find tha 
Difference of Latitude, and Difference of Longitud-. 


Example. A Ship in Latitude 42d. 3om. North, and Longitudg 
18d. 31m. Weſt, fails SE. by S. 591 Minutes, or 197 Leagues: 
I demand the Latitude and Longitude the Ship is in ? 


1. For the Difference of Latitude, the Proportion (by the 1/ 
Caſe of Plane Sailing, in Page 59) is thus: | 
As Radius +» Diſtance : : S. c. Courſe --» Difference of Latitude. 
As S. 8 Points +» 591 Min, 2: S. 5 Pts. 491.4 Min. or 8d. 11m. 
Latitude ſailed from - - 42d. 30m. N. Merid. Parts 1822m, 
Diff. Lat. 491 Min. or - - 8d. 11m. 8. 6-27 


Latitude the Ship is in- 34d. 19m. N. Merid. Parts 2195m. 


Subtract, giveth the Meridional Difference of Latitude 627m: 
Or thus; The Extent (on the Meridional Line on the Gunter) 


from Latitude 42d. 30m. = Latitude 34d. 19m. mcaſured 
5 * on 
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on the Line of equal Parts is 10d. +, or 10d. 30m. the Meri- 
'dional Difference of Latitude. 


2. To find the Difference of Longitude, the Proportion is, 
As Radius . T. Courſe ; : Merid. Diff. Lat . Diff, Longitude. 
AsT.qPts.-+T. 3 Pts.; 927 Minutes . 419m. or od. 59m. 


Or thus; 
As T. 4 Pts. T. 3 Pts.:: 10d. . 6d. 59m. Diff Long. as before. 
7k Hoh n 18d. Zim. Weſt. 


Diff. Longitude, 419 Minutes, or - - - o6d. 59m. Eaſt. 


Longitude the Ship is in - - - - IId. Zam. Weſt. 


Problem VII. One 1 Courſe, and Departure given, to fad 
the Diſtance, Difference of Latitude, and Difference of Longitude. 


Example. A Ship ſails ES E. from a certain Port, in Latitude 
50d. 10m. South, and Longitude 10d. 16m. Eaſt, until the De- 
arture from the Meridian be 957 Minutes: I demand her 
Diſtance failed, the Latitude and Longitude ſhe is in? 
of 485 "Dittance 3 g : 206d C Min. by Chapter 2. Section 3 
Problem 3. of Plane Sailing, in Page 60. Then the Latitude the 
Ship is in, and the Meridional Difference of Latitude, is found 
thus : 


Latitude failed. from 5cd. 10m. South, Merid. Parts - 3490 
Diff. Lat. 369m. or 69. 36m. 8. 


Latitude Ship is in - 56d. 46m. S. Meridional Parts - 4157 


Subtract, giveth the Meridional Difference of Latitude 667 
2. To find the Difference of Longitude, the Proportion is, 
As Diff. Lat. +» Departure : : Merid. Diff. Lat... Diff. of Long. 
As 396.4 Min.. 957 Min.:: 667 Minutes +- 1610m. or 26d. 
5om. 
Or thus ; the Extent on the Meridional Line on the Gunter ) 
from Lat. 50d. 10m. to Latitude 56d. 46m. meaſured on the Line 
of equal Parts, is 11 4 the Merid, Diff, of Latitude. 
Then ſay, 
As 396.4 Min.. 957 Min. :: 111g -+ 26d. 50m. the Diff, Lon. 


Then to find the Longitude the Ship is in, it is thus: 
Longitude „„ --S-o-<--- 10d, 16m. Eaſt. 


VDinerence of Longitude 1610 Min, or- - - 26d. rom. Eaſt. 


Longitude the Ship is in 
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Prob. VIII. One Latitude, Diftance ſailed, and Departure from the 
Meridian given, to find the Courſe, Difference of Latitude and 


| Difference of Longitude. f 


Example. A Ship in Latitude 49d. zom. North, and Lon- 
gitude 14d. 4om. Weſt, ſails South Eaſtward 645 Minutes, 
until the Departure from the Meridian be 500 Minutes. I de- 
mand the Courſe ſteered, the Latitude and Longitude the Ship 
is in? = 

1. The Courſe is S. 50d. 5om. E. or SE. I E. 

2. The Diff. Lat. * Min. or 6 Deg. 47 Min. { by Chap. 3. 
Section 3. Problem 5, of Plane Sailing, in Page 61 and 62. Then 
the Latitude the Ship is in, and the Meridional Difference of 
Latitude is found thus : | Min. 


Latitude failed from - - 49d. 3om. N. Merid. Parts 3428 
Diff. Lat. 407 Min. or - 6d. 47m. 8. 


Latitude the Ship is in - 42d. 43m. N. Merid. Parts 2840 


Meridional Difference of Latitude 588 
3. To find the Difference of Longitude, the Proportion is ; 
As Diff. Lat. Depart. : : Merid. Diff Lat. Diff. of Longitude. 
As 407 Min. .. 50 M.:: 588 Min. 722.4 Min. or 12d. 
a 02M. 
Or thus; The Extent (on the Meridional Line on the d ) 
from Latitude 49d. 3om. to Latitude 42d. 43m. (meaſured on 
von Parts) is gd. 43, the Meridional Difference of Latitude : 
hen ſay, | 
As 407m. . 500m. : : 9d. 12 12d, 2m. the Diff. Long. 
Then, to find the Longitude the Ship is in, it is thus ; 


— 4 failed from 14d. 40m. Weſt. 
Diff. Long. 722.4 Minutes, or - - - - 12d. o2m. Eaſt. 
Longitude the Ship is i- 2d. 38m. Weſt. 


Problem IX. One Latitude, Courſe, and Difference of Longituds 
given, to find the Diſtance, and Difference of Latitude. 


Example. A Ship fails SW, by W. from the Lizard, until ſhe 


be in Longitude 570. 26m. W. I demand the Latitude the Ship 
is in, and her Diſtance failed ? 


Longitude ſailed fro 5d. 14m. Weſt, 
Longitude the Ship is in - - - - - - - » 57d. 26n;, Weſt, 


Subtract, and theRemainder is the Diff. Long. 52d. 12m. Weſt. 
60 


Or 3132 Minutes. 
G 2 1. Fot 


. 
* 
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R 1. For the Mer. Difference of Latitude, the Proportion may 
e thus; | wh | | 

As T. Courſe ++ Radius:: Differ. Long. ++ Mer. Diff. of Lat. 
As T. 5 Pts. T.4Pts. : : 3132 Minutes . 2093 Minutes. 
Lat. failed from 49d. 57m. N. its Mer. Parts 3470 ſubtract. 


— — 
giveth the Mer. Pts. for the Lat. the Ship is in 1377 which ſeek in 
the Table of Meridional Parts; and againſt it you will find 
22d. 22m. the Latitude the Ship is in North. 

Or thus, on the Gunter ; take the Meridional Difference of 
Latitude, being 2093 Minutes, or 34d. 53m. from the Line of 
equal Parts, and ſet it from the Latitude departed from, y:z. 49d. 
57m. on the Meridional Line decreafing (becauſe it is North La- 
titude, and ſailing Southerly) and it reacheth (in the ſame Line) 
to 22d. 20m. the Latitude the Ship is in, very near to the Lati- 
tude found above by the Table of Meridional Parts, differing 

from it but 2 Minutes. 

Then having both Latitudes known, the Difference of Lati- 
tude is found (by ſubtracting the leſs from the greater) to be 
27d, Pa or 1655 Minutes or 5513 Leagues. 

2. Find the Diſtance ſailed by Chapter 3. Section 3. Problem 
or Caſe 2. of Plane Sailing, in Page 60. | 


Problem X. Two Places in one Parallel of Latitude, their Differ- 
ence of Longitude given; to find their Diftance. 


Example. I demand the Diftance between the Lizard and 
Pengwin Iſland in Newfoundlend © 


Pengwin and ! Longit. is 52d. 5om. Weſt, 


Lizard — 5d. zam. Weſt. 
SubtraQ, and Remainder is Diff. Long. #76. 26m. Weſt 


159 


Difference of Longitude 28 56 Minutes. 
Theſe Places are doth (ſuppoſed to lie) in Latitude 50d. oom. 
North, whoſe Complement is 40d. oom. | 


To delineate this Problem by the Plane Scale. | 
1. Draw a dotted Arc as BC, with the Sine of go Degrees, 
one Foot being on the Center A. 
2. Lay the Difference of Longitude, as a Chord Line on 
that Arc, from B to C, diaw AB, and AC, 
| x 3. With 
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3. With the Sine Com- 
plement of the Latitude and 
one Foot in A, draw the 
Arc DE; that is, take the 
Complement of the Latitude 
from the Eine of Sines, and 
with one Foot on A, draw the 
„ Are DE, to cut AB in 

, and AC in E. 


| Draw a Line from D 
(0 E, and it is done; for the & 
Chord DE being meaſured on , L,onmnr 

the ſame Scale BC was taken Pf 4-4 -— cn -8 
from, will ſhew the Diſtance — —ä— 
required. 5 * 


The Explanation of the Scheme. 
1. | * {North Pole of the Earth. 
2. > The Point]! D | Lizard Jin the Latitude of 
E | Pengwin Iſle god, oom. 
The Arc — | 
Parallel of 50d. N. Latitude. 
8 ADB © Meridian of 1 The Lizard, 
7: The Line JAEC | 5 | 288 | Pngwis Iſland. 
8 5 BC Diff. Long. between the 2 Places, 
9. DE J { Diſt. between them in that Parallel. 


© Eaquator. 


f 
; 


Then to find their Diſtance ; the Proportion, by the 4th Pro- 
polition of the ſixth Book of Euclid, is, 


As AB, is to BC; fois AD, to DE, And alternafely, 
As AB, is to AD; ſo is BC, to DE. That is, 


As Radius, is to the Sine Complement of the Latitude; fo © 
the Difference of Longitude, to their Diftance in that Para | 
of Latitude, In ſhort thus ; | 


As Radius «+ 8. c. Latitude: : Diff. Long. Diſtance. 
As S. god. S. 40d. com. : : 2856 Min, -- 1836 Min. 


G 3 Or 
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Or thus : By the Plane Scale, 


Take the Latitude of 50d. oom. from the Scale of Chords, 
and m—_—_ it from 60 on the Scale of Miles of Longitude, 
marked (ML) and it ſheweth Minutes 38.6 Tenths makes 2 
Degree of apr, Ic in that Latitude, Then ſay, 


As 1 Deg in. 38.6: : Diff. an 47d. 45 ++ at 
the Diſtance as before. 


Problem XI. Two Places in one Latitude, their Diflance given ; to 
find their Difference of Longitude. 


Example. If a Ship fails Weſt 390 Minutes from the Lizard; | 
What Longitude is ſhe in ? 


- 


To delineate this Problem by the Plane Scale. 


1. Take go Degrees from the Line of Sines, and with one 
Foot on A, draw the dotted Arc BC. 
2. From the Line of Sines, take the Complement of the given 
Latitude, and ſetting one Foot on A, draw a dotted Arc as DE. 
3. Then from any Scale of equal Parts, take the Diſtance 
(/ailcd) and with that Diſtance draw the Chord DE. 


From A — Lines through D and E, to cut the Arc BC, 
in Þ, and in C 


5. Then draw a Line from B to C, and it is done; for BC 


5 the B. meaſured on the ſame Scale DE was taken from, will ſhew 
ifference of Longitude required. 


The Proportion I the 4th Propoſition of the 6th Book of 
Euclid, for the Difference of Longitude, is, 


As S. c. Latitude · Radius:: Diſtance · Difference of Long · 
As S, 40d. 03m. + $.90d. : : 390m. 606. m. or od. ohm. 
Or thus; By the Plane Scale. 


The Interval between the Braſs Center Pin, or od. and La- 
titude taken (from the Chords) and meaſured on the Scale of 
Miles of Longitude, ſheweth the Minutes 38.6 Tenths make a 
Degree of Longitude in rg Latitude ; Then fay, 


As Min 38.6 Tenths . 390 min. -- 10d. e5 or 10d. obm, 
Diff. Long. the ſame as ha} | 


Longitude of the Lizard - - . - . - - o5d. 14m. Weſt. 
Diff. of Longitude 606,3 Min. o or- — obm. Weſt. 


Acd, gives the Longitude the Ship is in - 15d. 20m. Prob. 
| rob, 
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Problem XII. Two Places in one Parallel of Latitude, their Diflance, 
and Difference of Longitude given, to find the Parallel of Latitude. 


Example. Suppoſe two Ships upon the Equator 2842 Minutes 
aſunder, and they both ſail North equal Diſtances, till there are 


but 1833 Minutes aſunder: I demand what Latitude they are 
now in ? 


To delineate this Problem by the Plane Scale, 


1. With a Sine of god. and one A 
Foot of the Compaſſes in A, (the ; | 
North Pole) deſcribe the dotted Arc 
BC (repreſenting the Equator) and 
thereupon lay 2842 Min. from B 
to C, and draw the Line BC equal 
to the Difference of Longitude. 

2. Draw the Meridians AB and 
AC, which will include the 
Iſoſceles Triangle BAC 

3. From the ſame Scale of equal 
Parts, lay 1833, the Diſtance in 
the Parallel, from B to E, and 
draw E H parallel o AB, and (G = F. , 
where this Line interſects the Me- eee 
ridian AC, as at H, you haye the Point though which the Parallel 
of the two Ships muſt paſs. 

4+ Deſcribe the dotted Arc HD to cut the Meridian A B, in D, and 
through D and H draw the Right: lire D H, which will be parallel to 
the Equator, and repreſent the proper Diſtance of the Ships in that 
Parallel; and A H equal to AD, will repreſent, and meaſure, upon 
the Line of Sines, the Complement of the Latitude required, 


To find the Latitude (by the aforcſaid Propoſition of Euclid) 
the Proportion 1s thus ; 


As Diff. Long. «+ Diſtance : : Radius . S. c. Latit, required. 

As 2842 Min. . 1833 Min.:: 8. god. . . S. 40d. 10m. 

Which ſubtracted from - - - - - - god. oom. 

The Remainder is the Parallel of Latitude 49d. 5om. North. 

Or thus; by the Plane-Scale. | 

As 2842 Min, +- 1833 Min : : bo Min. «+ Min. 38.7 Tenths, 

making one Degree of Longitude in the Latitude required. 

Then from the Scale of Miles of Longitude (marked ML) 

take Min. 38.7 Tenths, meaſure it an the Scale of Chords, and 

it ſheweth e Latitude to be 49d. 50m. as before. * 
z<Ction 
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Section IV. Problems of Sailing by the Middle Latitude ; or a 
Proportion drawn from the Middie Latitude, nearly agreeing with 
Mercator's Sailing. | | 


N theſe Problems, there is no Uſe made of the Table of Meri- 
dional Parts, and all its Proportions may be wrought both by 
the Logarithms and Gumer's Scale. 


Problem I. The Latitude and Longitude o two Places given; to 
find their Courſe and Diſtance, 


Example, What is the Courſe and Diſtance from the Lizard 
to the Iſland Barludocs. 


Lizard 49 57 N. 49 7 705 { 5 14 W. 
Bar badoes Jas 122 58 N. 112 58 Long. 58 50 W. 


— — —— — 


Difference Latit. 36 59 N. Sum is 62 55 Diff. Long. 53 36 W. 


60 Mid. Lat. 31 27 60 


— 


_ — - 
Minutes $219 ſubt. it from 9o 00 dr 3216 Min. 


— —— — 


Comp. Mid. Lat. 58 33 


To delineate this Problem by the Plane Scale. Plate 3. Fig. 6. 
1. Make AD upon the Meridian equal to the Difference of 
atitude. | | 
2 Draw the dotted Arc IK, with the Sine of go Degrees (one 
Foot being on A) to cut the Meridian AD in J. 

3. With the Sine Complement of the Middle Latitude, and 
3 Foot on A, draw the dotted Arc GH, to cut the Meridian 
in G. | 
8 4 = the laſt Arc, lay half the Difference of Latitude, frorth 

to H, | 

5. By A and H, draw a Line, to cut the firſt Arc (made with 
the Sine of god.) in K. | * 

6. Lay IK twice on the Meridian, from A to B. 


7. On B erect a Perpendicylar, and thereon lay the Difference 
of Longitude, from B to C. | 


8. Draw a Line from A to C; and from D, draw DE parallel 
to LC, and to cut AC in E, and it is done. Plate 3. Fig. 6. 


Thea 
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Then is the Leg AD, the Differen e of Latitude. 
The Leg BC, the Difference of Longitude. 
The Hypothenuſe AE, the Diſtance of the two Places. 

The Leg DE, the Departure, according to the Plane Chart. 
| The Angle DAE, or BAC, the Angle of the Courſe or 
Bearing. | | | 

4 dis Angle AED, the Complement of the Courſe, 


I. To find the Courſe, of Bearing, the Proportion is; 

As the Difference of Latitude, is to the Difference of Longi- 
tude; fo is the Sine Complement of the Middle Latitude, to 
the J angent of the Courſe, or more briefly thus: 

As Diff. Lat. +» Diff, Long. : : S. c. Mid. Lat. T. Courſe, 

As 2219 min.. . 3216 mia. :: S. 58d. 33m. . T. 51d.02m. 

By Gunter, The Extent from 2219 Minutes to 3216 Minutes 
on the Line of Numbers, being laid (increaling) trom Sine 58d. 

zm reacheth beyond the Sine of god. wherefore lay that Ectent 
rom the Sine of go Degrees towards the Left-hand, and ſtay 
one Foot there, then bring in the other Foot to the Sine Comple- 
ment of the Middle Latitude 58d. 33m. this laſt Extent of the 
Compaſſes, lay from Tangent 45 Degrees, and it ſheweth on 
Tangents 51d. o2m. the Courſe South Wetterly, or SW. half 
W. which is the Courſe from the Lizard to the Ifland Bar- 
badoes. . 

Or thus; by two Propoſitions to find the Courſe. 


Firſt, As the Radius, is to the Sine Complement of the Mid- 
dle Latitude; fo is the Difference of Longitude, to the Depar- 
ture from the Meridian, ot Meridional Diſtance. 


More briefly thus; | 

As Radius S. c. Middle Lat.: Diff. Long. +» Departure. 

As S. god. S. 58d. 33 Min. :: 3216 Min. . 2744 Min. 

Secondly, As the Difference of Latitude, is to the Departure 
from the Meridian ; ſo is the Radius, to the Tangent of the 
Courſe. : 

Or more briefly thus ; 
As Diff. Lat. «+» Departure : : Radius T. Courſe, 
As 2219 min. «+ 2744 min.:: T. 45d. T. $14. 02tn. 4s before. 
2. To find the Diſtance, the Proportion is, 
As S. c. Courſe . Diff, Lat. : : Radius Diſtance required. 
As 8. 38d. 58m. 2219 min.: 1 S. god. 3529 Minutes. 
Problem 
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Problem II. Both Latitudes and Courſe given ; te find the Diflance 
and Difference of Longitude. | 


| Example. Suppoſe a Ship ſails from the Lizard, and makes 
(when the Variation, Lee-way, &c. allowed for) her Courſe South 
. Weſt, or SW. by 8. + W. and then by Obſervation, is in 
Pirde 45d. Zim. North ; what is her Diftance run, and Lon- 
itude ſhe is in? l 5 | 
12zard ; 49d. 57m. North — — — 49 57 
Obſerved 5 Latitude 1424 31m. North — — — 45 31 


Difference of Latitude 4d. 26m. Sum both Latitudes—95 28 


60 The half is Mid. Lat. 47 44 
Or, Minutes 200 which ſubtracted from go oo 


* 


The Remainder is Compl. of the Middle Latitude = 42 16 


To delineate this, or any of the following Problems, by the 
Plane Scale, the Inſtructions in the foregoing are ſufficient to 
inform the diligent Learner, 


1. The Diſtance is 342,3 Minutes, by Chapter 4, Seftion 3, 
Problem 3, of Mercator's Sailing, in Page gs. 

2. To find the Difference of Longitude ; the Proportion is, 

As the Sine Complement of the Middle Latitude, is to the 
Tangent of the Courſe, fo is the Difference of Latitude, to the 
Difference of Longituder, Or thus: 
As S. c. Mid, Lat, «+ T. Courſe : : Diff. Lat. Diff. of Long. 
As S. 42d. 16m. . I. 39d. : : 266 Min. +» 320.3 Min. 

To work this, or any ſuch like Proportion by Gunter's Scale, 
the General Rule of extending from the Firſt Term to the Se- 
cond, c. will not ſerve, till the Firſt and Second Terms are 


reduced to one Line, or Scale, which may be done by this Rule 
following. 


A General Rule to reduce the Second Term Tan gent, ta the 
Firſt Term Sine. 


Extend the Compaſſes from Tangent 45d. to the Tangent of 
the Second Term ; lay that Extent on the Line of Sines, from 
god. (if the Second Term be leſs than 45d. but if more, from 
the Firſt Term) towards the Left-hand ; and where the Foot 
reſteth, I call the Second Term reduced to the Firſt, and is ts 
be counted inſtead of the Second Term ; as for Example. 

| O 
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To work the aforeſaid Proportion, to find the Difference of 
Longitude, + 1 

1. The Extent from Tangent 45d. to Tangent 39d. laid from 
Sine god. reacheth to 54d. orm. the Second Term reduced to the 
Firſt Term, | 

2. The Extent from <4d. o5m. (the Second Term reduced} 
to Sine 42d. 16m. the Firſt Ferm in the Proportion; laid on the 
Line of Numbers from 266 Minutes, the Third Term, will reach 
to 320.3 Minutes, the Fourth Term, the Difference of Longi- 
tude required, | | 

Or thus; By two Operations to find the Difference of Lon- 


itude. | 

tuft; As the Sine Complement of the Courſe, is to the Dif- 
fereiice of Latitude ; So is the Sine of the Courſe, to the Depar- 
ture from the Meridian, or Meridian Diſtance. Or thus ; 

As S. c. Courſe +» Diff. Lat. : : 8. Courſe» Departure. 

As S. 51 dey. ++ 266 min.:: S. 39 deg. +215 4 min. 

Seconily, As the Sine Complement of the middle Latitude, 

is to Radius; ſo is the Departure from the Meridian, to the 
Difference of Longitude. Briefly thus; 
As S. c. Middle Lat. Radius:: Departure . Diff. Long. 

As S. 42d. 16m. ++ S. god. : : 215.4 min.. 320.3 as before 
Then to find the Longitude the Ship is in, it is thus. 
Lizard Longitude is — — — — ogd. 14m. Weſt. 
Diff. Longitude 320.3 Minutes, or — — ogd. 20m. Wet. 


Longitude the Ship is in — — — 10d. 34m. Welt. 


Problem III. Both Latitudes, and Diflance given; to find the 
Courſe and Difference of Longitude. 4 


Example. If a Ship runneth 300 Minutes North Weſterly, 
from a Port in 37 deg. North Latitude, and Longitude 10d. 25m. 
W. until ſhe be in Lat. 41 deg. North: What is her Courſe 
and Longitude ſhe is in? 


* Sailed 1 e 1224 North — — — 31d. 


Ship is in 41d. North — — — 410. 
Difference of Latitude — 4d. N. Sum of both Latit, 78d. 
— Middle Latit. 30d. 
Or, Minutes 240 Subtract from god. 


Complement of the Middle Latitude 51d. 
1. The 
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1. The Courſe is North 36 deg. 52 min. Weſt, of NW. by 
N. Weſt neareſt ; found by Chapter 4, vefion 3, Problem 4, 
of Mercatot's Sailing, in Page 96. wh 


2. To find the Differ. of Longit. the Proportion is thus; 


As S. c. Mid. Lat. -» T. Courſe : : Diff. Lat. -- Diff. Long. 
As S. 51 e T.36d.52m. : : 240 min. 231.6 min. 
By Gunter's Scale. The Extent from Tangent 45d. to Tan- 
ent 36d. 52m. will reach from Sine god. to Sine 48d Jom. the 
cond Term reduced to the Firſt : Then the Extent from this 
laſt Sine 48d. 3om.) to the Sine 51d. (the fiſt Term in the 
yveſaid Proportion) will reach on the Line of Numbers from 
the Difference of Latitude 240 Minutes, to 231.6 Minutes, of 
Id. 52m. the Difference of Longitude. Eg 
Or thus; By two Proportions (after the Courſe is found, as 
before) to find the Difference of Longitude, ſay, 
1. As the Radius, is to the Diſtance ſailed ; ſo is the Sine of 
the Courſe, to the Departure from the Meridian. 
| Which briefly is thus; 
As Radius «+ Diſtance : : S. Courſe -» Depatture, 
As S. god, «« 306 min.:: 36d. 32m... 180 Minutes. 

2. As the Sine Complement dt Middle Latitude, is to Radius; 
ſo is the Departure from the Meridian, to the Difference of Lon- 
gitude Briefly is thus; | 

As S. Ce. Mid. Lat. «+ Radius:: Departure . Diff. Long. 
As 8. 51 Degrees . S. god. : : 180 Min. . 231.6 Min. 
Ot it may be found by this Proportion, when the Diſtance is 


iven. | 

B. c. Mid. Lat. -« Diſtance : : S. Courſe +» Diff. Longit. 

8. 51 Degrees -- 300 Min.:: S. 36d. 2m. 231.6m, as above. 
Then to find the Longitude the Ship is in, it is thus; 
Longitude the Ship ſailed from — — 10d. 25m, Weſt. 
Dif. Longitude 231.6 Minutes, or — 23d. 52m, Weſt. 


Longitude the Ship is in — — — 134d. 15m. Weſt, 


Problem IV. Both Latitudes, and Departure from the Meridian 
_ to find the Gourſe, Diſtance, and Different of Longi- 
e. 

| Example, A Ship in Latitude 49d. 57m. North, and Longi - 

tude 5d. 14m. Weſt; fails South Weſterly, *till the Departure 

be 789 Minutes, and ſhe be in Lat. 39d. 20m. North; I de- 
mand the Courſe, Diſtahee, and Longitude the Ship is in . 

t. 
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: Sailed from 49d. 57m. North —— 40d. 55m. 
Latitude | Ship is in 39d. 20m. North —— — — 


Difference of Latitude 1 37m. Sum of both Lat. 89d. 17m. 
. O | 


Or Minutes — — 637 The 4 is Mid. Lat. 44d: 38m. 
| Which ſubtract from god. oom. 


| 


The Remainder is Comp. of the Middle Latitude — 45d. 2am. 


1. The Courſe is 8. 51d. osm. W. ; by Chapter 4. Section 
2. Diſtance 1014 Minutes, L 3- Problem 5. of Mer- 
cator's Sailing, in Page 96. | 


. To find the Difference of Longitude, the Proportion is ; | 
a 


c. Mid. Lat. T. Courſe :: Diff. Lat. Diff. Long. 
As S. 45d. 22m. . T. 51d. osm.: : 637 min. . 1109 Min. 


For, the Extent from Tangent 45d. to the Tangent 51d. orm. 
laid (on the Line of Sines) from 45d. 22m. reacheth to Sine 
35d. 10m. the Second Term reduced to the Firſt : Then the 
Extent from this laſt (Sine 35d. 10m.) to S. god. (inſtead of 
Sine 45d. 22m. the Firſt Term in the above Proportion, always 
when the Courſe is more than 45d. and that) laid on the Line 


of Numbers, from Diff. Lat. 637 Minutes will reach to 1109 


Minutes, the Difference of Longitude required. 


Or thus; the Difference of Longitude may be found without 
finding the Courſe, ſaying; TEAS 


As the Sine Complement of the Middle Latitude, is to the 
Radius; ſo is the Departure from the Meridian, to the Differ- 
ence of Longitude. That is, 
As S. e. Mid. Lat.. Radius:: Departure · Differ. Longit. 
As S. 45d. 22m. . 8. god. :: 789 Min. 1109m, as before. 
Then the Longitude the Ship is in, may be found, as in 
Problem 5, of Mercator's Sailing, in Page 97, that being the 
ſame Queſtion with this. | | 


And in like manner all the remaining Queſtions in Mercator, 
or Wright's Sailing, may be wrought by the Sine Complement 
of the Middle Latitude, which I leave to the Learner's Practice ; 
And thus much may ſuffice for the Second Kind of Sailing, ar 
ſecond Part of Navigation, and the Application of Plane Tri- 
gonometry ; Spheric Trigonometry is next. 

CHAP, 
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Chapter V. Containing the Doftrine of Spberic Triangles, 
Rectangular, and Oblique, both Geometric, Logarithmic, 
end Inſtrumental. © _ 


BEFORE I enter on Spheric Trigonometry, as tothe fram- 


ing and working of Proportions therein, it will be neceſſ. 
you ſhould underſtand how to make a Spheric Triangle, and to 


- | meaſure any of its Parts: In order thereunto I have contrived 


the following Problems, which [ call Spheric Geometry. 


$:&ien I. Spheric Geometry explained by Definitions and 
Problems. | 


Definition 1. Obere Geometry, is that by which the Circles of 
the Sphere are deſcribed, drawn, or projected on 
a Plane, or flat Superficies. 

2. A Sphere or Globe, is a round Body, made by the movin 
of a Semi- Circle about its own Diameter, till the Motion ends 
where it began, | 

3. The Projection of the Sphere, is either Orthographic, Ste- 
-reographic, or Gnomonic. il 
4. Orthographic is the drawing the Superfieies of the Sphere 
on a Plane, which cutteth the Sphere in the Middle, with reſpect 
to the Eye being placed perpendicular to it, and at an infinite 
Diſtance therefrom: This Projection maketh Uſe only of the 
Lines of Chords. and Sines. | 

5. Stereographic, ſheweth how to deſcribe the Sphere's Super- 
ficies on a Plane, which cutteth it in the Middle with reſpe& to 
the Eye being placed in the Sphere's Superficies, perpendicular 
to the Center of the ſaid Plane. 

6. Gnomonic Projection of the Sphere, is drawing the Super- 
ficies on a Plane touching it, with reſpect to the Eye being placed 
on the Sphere's Center. 


Theſe two laſt require the Uſe of the Lines of Chords, Tan- 
gents, and Secants. | 
7. All Circles of the Sphere, are either Great Circles, which 


cut the Sphere into two equal Parts; or leſſer Circles, which 
divide it into two unequal Parts, 
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8. The Plane on which the Sphere is projected, is that Circle 
which bounds, or limits the Projection, and is repreſented by the 
Circle ABCDEBA. Plate 3. Pig: 7. | 

2. A Great Circle, is either the Primitive Circle, a Right Cir- 
cle, or an Oblique Circle. 

Theſe Circles conſidered ſeverally, and jointly, afford divers 
Problems, which are the ſubject Matter of Spheric Geometry, and 


are ſuch as follow. 


Problem I. To find the Pole of any Great Circle. 


Definition 1. A Great Circle, is either the Primitive Circle, 
as BCDEB}; or a Right Circle, as the Diameter BAD; or an 
Oblique Circle, as Arc BFD. Plate 3. Fig. 7. | 

2. The Pole of a Great Circle, is a Point every Way go De- 
erees diſtant from it: And | 

Note 1. The Pole of a Great Circle is either upon the Pri- 
mitive Circle, or within it. 

2. When the Pole is within, it is either at the Primitive Cir- 


cle's Center, or not. 6 


In this Problem are three Caſes. 


Problem I. Caſe 1. The Pole of the Primitive Circle is required. 


Example. BCDE the Primitive Circle given; to find the Pole 
thereof is required. Plate 3. Fig. 7. | 

The Rule. Find A, the Center of the Primitive Circle BODE, 
which Cente1 A is the Pole required. 


Problem I. Caſe 2. The Pole of a Right Circle is required. 


Definition. A Right Circle paſſeth through the Center of the 
Primitive Circle, and in the Projection is a Diameter; as BAD, 
Nete, A Right Circle hath its Pole on the Primitive Circle. 

Example. The Pole of the Right Circle BAD, is required, 
Plate 3. Fig. 2. e : 

The Rule. From the Chords lay go Degrees on the Primitive 
Circle from B or D, both ways to C and E; I ſay, C, and E, 
are the Poles of the Right Circle BAD. 


Problem I. Caſe 3. The Pole of the Oblique Circle is required. 


Definition. An Oblique Circle paſſeth not through the Center 
of the Primitive Circle, and in the Projection is repreſented by 
an Arc; as BFD. Plate 3. Fig. 7. 


Note, 
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Nate 1, The Poles of an Oblique Circle, are in a Diameter 
which paſſech through its Center. | 
2. One of the poses of an Oblique Circle, lieth between the 
Centers of the Primitive, and-Oblique Circle, . 
3. Every Great Circle, whether Right, or Oblique, cutteth 
the Primitiye djametrically appoſite, | 


2 Example. 1 
DE the Primitive 7 ; Hs, : 
BFD the Oblique { Circle, and ; J its Center given. 
The Pole of the Obligue Circle BFD is required. Plate 3. Fig. 7. 
The Rule, 1. Through A and y, draw a Diameter to cut the 
Primitive Circle in C and E, and the Oblique Circle in F. 
2. Lay a Scale on B and F, to cut the Primitive Circte in g; 
which is called reducing F, to the Primitive Circle. 
g. Take go Degrees (from the Scale of Chords) and lay it on 
the Primitive Circle, from g both ways to 6. . 
1. Reduce hto the Diameter CAE, by laying a Scale on B 
and h, to cut the Diameter CAE, both within the Primitive 
Circle, and without, either of which Points, I is the Pole of the 
Oblique Circle BFD. | 


Problem II. To deſcribe a Spheric Angle. 


Definition. A Spheric Angle, is made by the Interſection of 
two Great Circles; the Interſection being the Angular Point. 
Note, In this Problem are two Caſes, 


Problem II. Caſe 1. To make an Angle, that the Angular Point 
may be at the Center of the Primitive Circle. 

The Rule. Such an Angle is made (in all ReſpeQs) like a 
Plane Angle. | 

Examples, An Angle BAC equal 40d. 3om. (whoſe Angular 
Point A may be the Center of the Primitive Circle) is required 
to be made. Plate 3. Fig. 8. 

i. With a Chord of to Degrees (on the Center A) deſcribe 
the Primitive Circle BCDE. - ; 

2. On the Primitive Circle, and from the ſame Chords, make 
BC Squal to 40d. zom. | | 

3. From B and C, draw two Right Circles, or Diameters, 
thro* A, which will include the Angle BAC required to be made. 


Problem II. Caſe 2. To make an Angle, that the Angular Point may 
| | be at the Primitive Carle, 


_ The Rule. Such an Angle is made by drawing an Oblique 
Circle, with the Secant of the given Angle. : 


Example 
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Example. An Angle EBF equal te 34d. 3om. (whoſe Augular 
Point B may be at the Primitive Cirel? ) ts on. (1 of end 
Plate 3. Tig. 7. | 5 

5 Pale e the Primitive Circle BC DE, as before directed. 

2. Lay a Scale on A (the Primitive Circle's Center) and cut 
the Primitive Circle in B and D. 

3. With the Secant of the given Angle 34d. zom. and one 
Foot in B, deſcribe an Arc y. | 

4. With the ſame, and one Foot an D, eroſs the former Arc 
in y, the Center of the Oblique Cicle BFD, which being drawn 
will include the Angle EBF equal to EDF, required to be made. 

Note; When the given Angle is Obtuſe, take its Supplement 
to 180 Degrees, and with the Remainder make the Angle as 
above directed, and 'tis done. | 


Prob. III. To draw a great Circle through any given Paint, ſo that 
it all make with the Primitive Circle any given Angle. | 

The Rule. 1. With the Tangent of the given Angle, and one 
Font on the Center of the Primitive Circle, make an Arc. 

2. With the Secant of the ſame, and one Foot in the given 
Point, cut the former Arc, which Point of InterſeCtion, js the 
Center of the cle required to be drawn. 

Example: Plate 3. Fig. 7. 
BCDE the Primitive Circle 
A the Center thereof — given; 
P the Point — — — 

Through F, to drawn an Oblique Circle, that it may make an 
Angle with the Primitive Circle, equal to 340. oma. is required? 

Note; The given Point muſt be ſo far from the Center of the 
Primitive Circle, that the Tangent from the Center, and the Se- 
cant (of the fame) from the given Point may interſect, or cut 
each other; otherwiſe 'tis impoſſible. 

1. With the Tangent of 34d. 3om. and one Foot in A, make 
an Arc y. : 

2. Then with the Secant of the ſame, and one Foot in F, cut 
the Arc y, in the Center of the Oblique Circle BFD, required, 
to be drawn ; and if B and D are diametrically oppoſite, tis 
done true, otherwiſe not. 


Problem IV. To draw a Great Circle, through any two Points 
given ; either bath within the Primitive Circle, or one within, 
and the other without. | : 

The Rule. 1. Draw a Line from the Primitive Circle's Cen- 
ter, through one (always the remoteſt) of the two Points, to 
cut the Primitive Circle, and produce it at Pleaſure, 

H 41. From 
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2. From the ſaid Point draw another Line to a Point in the 
Primitive Circle, that is god. Diſtance from the firſt Line. 

3. On the laſt Line, and at the Point in the Primitive Circle, 
erect a Perpendicular, to cut the firit Line in the third Point. 

4. Through the two given Points, and this laſt third Point, 
draw (by Chapter 1. Section 2. Problem 7. of Practical Geometry 
in Page 15.) an Arc of a Circle, and it is done. 


Example. Plate 3. Fig. 9. 
BCD E the Primitive Circle 
A the Center thereof haven, 
F and G the two Points — 
Through F and G it is required to draw a great Circle ? 
1. Through A and F, draw the Diameter BFAD, to cut the 
Primitive Cirele in B and D, and continue it farther at Pleaſure. 
2. Lay the Chord of god. on the Primitive Circle from B, or 
from ID, to C or E, and draw the Line FC or FE. 
3. AtCerect CH perpendicular to CF, or at E erect EH per- 
e to EF, to cut the Diameter BFA D in , the third 
Olut. | 
4. Through F, G, and H, draw a Circle ITGKH, which 


will cut the l'rimitive Circle in I and K, diametrically oppoſite, 
and 1t is done. 


Problem V. Te draw à great Circle perpendicular to, or at Right 
Anyl's, with a given great Circle, 


A General Rule, Draw a Great Circle to paſs through the 
Poles of the given Great Circle, and it is perpendicular to it, or 
it makes a Right Angle with it, 


© * +» Wete, In this Problem are four Caſes, 


Problem V. Caſe 1, To draw a great Circle perpendicular to the 
Primitive Circle, 

_ The Rule, This is done by drawing a Diameter through the 

Center of the. Primitive Circle ; for the Center of the Primitive 

Circle being its Pole, all Right Lines drawn through the Center, 

repreſent perpendicular Circles to the primitive Circle, 


Example. Piate 3. Fig. 7. 


BCDE the Primitive Circle, and A its Center given ; to draw 
a Great Circle perpendicular to it, is required: | 
— Through A draw the Right Circle BAD, and it is perpendi- 
cular to the Primitive one BCDE, as was required, 3 
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Problem V. Caſe 2. To draw a Right Circle perpendicular to a 
given Right Circle, 


The Rule. This is done by drawing a Diameter at Right An- 
gles to the given wy, 7 Circle; or quartering the Primitive Cir- 
cle (by Chapter 1. Section 2. Problem 8. of Practical Geometry, 
in Page 15.) with two Diameters, | 


. Example, Plate 3. Fig. 7. 


BCDE the Primitive 7 Q:, and A its Center ) .: 

BAD is a Right "* { Circle, f F ö given; 

To draw a Right Circle perpendicular to the Right Circle 
BAD, is required? 

Draw the Diameter CAE perpendicular to BAD, or from the 
Chords lay god. on the Primitive Circle f.om B, or from D, to 
C and E, which are its two Poles, and through C, A, and E, 
draw a Diameter, and it is done, 


Problem V. Caſe 3. To draw an Oblique Circle perpendicular to 
| a given Right Circle, | 


The Rule. 1. Find the two Poles of the given Right Circle, 


by Problem 1. Caſe 2. of Spheric Geometry, in Page 111, 


2. Draw an Oblique Circle through theſe two Poles, and it - 
is done, 


Example. Plate 3. Fig. 7. 


BCDE the Primitive Circle 
A the Center thereof — ee 
BAD is a Right Circle —. 

To draw an Oblique Circle, perpendicular to the Right Cir- 
cle BAD, is required ? 

1. Take the Chord of god. and lay it from B, or D, both 
2 to C, and E, which are the two Poles of the Right Circle 

AD. 

2. With any Diſtance, and one Foot on C, and E; draw 
Ares, to cut each other in æ, the Center of the Oblique Circle 
CGE, required to be drawn. | 

Note, If AG be known, or limited to a certain Diſtance, 
then it is done by drawing a Circle through the three Points C, 
G, and E. 

Or, 2. If AG be any known Number of Degrees, then take 
the Secant of its Complement, and ſetting one Foot on C, or E, 
the other will croſs the given Right Circle, in the Center of thz 
Oblique Circle required to be drawn, 

H 2 Problem 
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Problem V. Caſe 4. To drow an Oblique Cirele, per pondicular to 
| a given Oblique Circle. 

The Rule. 1. Find the two Poles of the given Oblique Circle, by 
Problem 1. Caſe 3. of Spheric Geometry, in Pages 111 and 112. 
2. Through. thoſe Poles draw a Great Circle, which will cut 
the Oblique Circle at Right Angles, and the Primitive Circle 
diametrically oppoſite, and 'tis done. 

Example. Plate 3. Fig. 10. 
by; cyan Circle, and Af its Center given; 


To draw another Oblique Circle perpendicular to the Oblique 
Circle BFD, is required ? : 

I. Find G, the Interior Pole of t iven Oblique Circle 
5 by Problem 1. Caſe 3. of Spheric nts i Pages 111 
and 112. 

2. Through G, draw the Circle HIGK, to cut the Primitive 
in H and K, and the Oblique Circle BFD in ſome Point I, (ſo 
that HAK is in a Diameter) and 'tis done, for then the Angle 
BIH is a right Angle, and the Oblique Circles BFID, and 
HIGK, are perpendicular to one another. 

Note, 1. If the Point I (on the given Oblique Circle is 
given; then draw a Circle through I, (and the Interior Pole G, 
(by Problem 4. of Spheric Geometry, in Page 113) and 'tis done. 

Or, 2. If it be required, that the faid Oblique Circle ſhall 
make a certain Angle at the Primitive One, then draw a Circle 


through the ſaid Pole G, by Problem 3. of Spheric Geometry, in 
Page 113. 


Problem VI. To lay any Quantity of Degrees on any Great Circle, 
In this Problem are three Caſes. 


Problem VI. Caſe 1. T6 lay any Quantity of Degrees on the Pri- 


mitive Circle. 


Tie Rule. This is done by, or from the Scale of Chords, 
| Example. Plate 3. Fig. 8. 
BCDE the Primitive Circle, and A its Center given; 
To lay 40d. zom. on the Primitive Circle from B is required! 
From the Scale of Chords, take 40d. 30m. and lay it on the 
Primitive Circle from B to C, and 'tis done. 


Problem VI. Caſe 2, To lay any Quantity of Degrees on a 
Right Circle. | 
The Rule. Thisisdone fromethe Scale of Half-Tangents, oount- 
ing the Beginning thereof to be the Center of the Primitive Circle. 
Example 


. 


i- 
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Example. Plate 3. Fig. 8. gs. 

BCDE the Primitive Circle, and A its Center} : ORD 

BAD is a Right Circle — — — — —{ 8&5 
On the Right Circle BAD, ſrom A, to lay 40d. 3om, or from 

B to lay 40d. 3om. is required? 

From the Half-Tangents, take 40d. 3om. and lay it on the 
Right Circle BAD, — A to /, or 49d, 3om. the contrary 
Way of the Half-Tangents, laid from B to J, and *tis done; For 
H / and / B together are equal, to go Degrees. 


Problem VI. Caſe 3. To lay any Quantity of Degrees an an 

| Oblique Circle, 

The Rule. 1. Find the Poles of the given Oblique Circle, by 
Problem 1. Caſe 3. of Spheric Geometry, in Pages 111 and 112, 


2, Lay the given Quantity of Degrees on the Primitive Circle, 
by Caſe 1. of this Problem. 


3. Reduce it from the Primitive Circle to the given Oblique 
Circle, by laying a Scale on either of its Poles, and *tis done. 


Example. Plate 3. Fig. 11. 

B an Gili ö Circle, and 5 A { its Center given 

On the Oblique Circle BFD (from B) to lay 51d. 3om. is 
required ? 

1. By A and y, draw the Diameter CAE, and find the G Pole 
of the Oblique Circle, by Problem 1. Caſe 3. in Page 112. 

2. From the Scale of Chords, take 51d. 30m. and lay it on the 
Primitive Circle, from B to H. | 

Lay a Scale on G and H, to cut the Oblique Circle, BFD 

in I, then is BI (on the Oblique Circle) equal to 51d. 30m. as 
was required. a 


Problem VII. To meaſure any Part of a Great Circle, 


In this-Problem are three Caſes, which are but the converſe of 
thoſe in the laſt Problem. 


Problem VII. Caſe 1. To meaſure any Part of the Primitive Circle, 


The Rule. Take the Part required to be meaſured, and lay it 
on the Scale of Chords, and it ſheweth how much it is. 


Example. Plate 3. Fig. 8. 


BCDE the Primitive Circle, and A its Center given ; 

To meaſure BC, a Part of the Primitive Circle, is regutred ? 

Take the Extent BC in the Compaſſes, and lay it on the Chords, 
which will ſhew how many Degrees BC doth meaſure. 


H 3 Problem 
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Problem VII. Caſe 2. To meaſure any Part of a Right Circle. 


The Rule. 1. If the Part to be meaſured lieth next the Center 
of the Primitive Circle, then it is meaſured on the Scale of Half- 
Tangents, from the Braſs Center Pin at the Beginning thereof. 

2. When the Part to be meaſured lieth next to the Primitive 
Circle, then it is meaſured on the Scale of Half-Tangents, from 
god. counting 80d. to be 10d. 70 to be 20, bo to be 30, &c. 


Example. Plate 3. Fig. 8. 


BCDE the Primitive Circle, and A its Center) . 
BAD a Right Circde — — — — — (o93 


To meaſure 4 ½ or BI, on the Right Circle BAD, is required ? 


1. Take 41, and lay it on the Scale of Half-Tangents, from 
the Braſs Center Pin (at the Beginning of it) which will ſhew 
how many Degrees it is : Or, 

2. Take BI, and lay it on the Scale of Half-Tangents, from 
od. backwards, counting 80d, tu be 10, and 70 to be 20, &c. 
which will ſhew how many Degrees BI is; And, 


Note, That 41, and BI, will make together juſt god; they 
being Complements to each other. 


Prob. VII. Caſe 3. To meaſure any Part of an Oblique Circle. 


The Rule. 1. Find the Poles of the given Oblique Circle, by 
Problem 1. Caſe 3, of Spheric Geometry, in Pages 111 and 112. 

2. Lay a Scale on either of the ſaid Poles, and the Part defied 
to be meaſured, and reduce it to th.-Primitive Circle. 

3. Being thus reduced to the Primitive Circle, it is meaſured 
on the Scale of Choids, as before in Caſe 1, of this Problem. 


Example. Plate 3. Fig. 11. 


1 | 1 | 
—_— —_ Circle, and | y dts Center given; 


To meaſure BI, and FI, on the Oblique Circle BIFD isrequired ? 


4. Find G the Pole of the Oblique Circle BIFD, by Prob- 
lem 1. Caſe 3. of Spheric Geometry, in Pages 111 and 112. 
2. Lay a dcale on G and I, to cut the Primitive Circle in H. 


3. Then 
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3. Then EH meaſured on the Scale of Chords is the Meaſure 
of FI; and BH on the ſame Scale of Chords is the Meaſure of BI. 


Problem VIII. To meaſure any Spheric Angle. 
In this Problem are four Caſes ; and this is 


A General Rule, A Spheric Angle is meaſured by the Arc of 
a Great Circle, intercepted between the two containing Sides, 
the Angular Point being the Pole of that Circle : Or the Diſ- 
tance ob the Poles of the containing Sides, is equal to the Mea- 
ſure of the contained Angle. 


Prob, VIII. Caſe 1. To meaſure an Angle, when its Angular Point 
is the Center of the Primitive Circle, 


The Rule. Such an Angle is meaſured (like a Plane Angle) 
on the Primitive Circle, by a Scale of Chords, 


Example. Plate 3. Fig. 8. 


BCDE the Primitive Circle, A its Center, and the Angular Point 

given; to meaſure the Angle BAC is required ? | 

Take BC, and meaſure it on the Scale of Chords, ſhews the 
Angle BAC, how much it is. 


Prob. VIII. Caſe 2. To meaſure an Auge, when its Angular 
Point is at the Primitive Circle. 


The Rule. 1. Find the Poles of the two containing Sides, by 
Problem 1. of Spheric Geometry, in Pages 111 and 112. 

2. The Diſtance of theſe Poles, is the Meaſure of the requi- 
red Angle. ö ; 

N:te 1. When the two Poles are in one Diameter, or Right 
Circle, it is meaſured on the Scale of Halt-Tangents. 

2. hen they are not in one Diameter, then reduce them to 
the Primitive Circle, by laying a Scale on the Angular Point, 
and the Taid two Poles, which Diſtance being meaſured, on the 
Scale of Chords, is the Meaſure of the required Angle, 


Example, Plate 3. Fig. 8. 


BGFD an Oblique {City f i Fits Centr given 


To meaſure the Angle EDF, equal to the Angle EBF is required. 


1. Through A andy, draw a Diameter to cut the Primitive 
Circle in H and I, and the Oblique Circle in G. 
2. In the Diameter IAH, find K, the Pole of the Oblique 
Circle BGFD, IT 
H 4 | 3. The 
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3. The Diſtance AK, or Gl, meaſured on the Scale of Half. 
Tangents, (the latter the contrary Way on that Scale from god.) 
ſheweth how much the Angle EDF, or EBF is. 


Problem VIII. Caſe 3. To meaſure an Angle when its Angular 
Point is not the Center of, nor at the Primitive Circle. 


The Rule is this; 1. Find the two Interior Poles of the two 
containing Sides, by Problem 1. in Pages 111 and 112. 

2. Reduce thoſe two Poles to the Primitive Circle, then mea- 
ſure the Diſtance of them on a Scale of Chords, and 'tis done. 

Note, Reduce, is to lay a Scale on the Angular Point (requir- 
ed to be meaſured) and the ſaid two Poles, to cut the Primitive 
Circle. : 

Example. Plate 3. Fig. 8. 


BCDE the Primitive | AT. Cont 
BGFD on Oblique era and V 1 — Sp. 
CAFE a Right cats the Oblique in F. 

To meaſure the Angle DFE, or BFE is required ? 


1. Through A and y, draw the Diameter IAH, and in it find 
K the Interior Pole of the Oblique Circle BGFD, as before in 
the laſt Caſe, 

2. Find L the Pole of the Right Circle CAFE, by Problem 
1. Caſe 2. of Spheric Geometry, in Page 111. 

3. Reduce K to the Primitive Circle (by laying a Scale on F 
and K, to cut the Primitive Circle) and 'tis M, then L M 
meaſured on the Chords, ſhewing how much the Angle DFE, or 


BFE, is; one Acute, and the other Obtuſe, being the Supple- 
ment of the former, 38 


Problem VIII. Cafe 4. To meaſure an Angle when the containing 
Sides are beth Oblique Circles. 


Example. Plate 3. Fig. 12. 


BCDE the Primitive - A 
CHFE an Oblique \Circle, and] y Fits Center given ; 
BGFD an Oblique X 


To meaſure the Angle DF E, or BF E is required © 


1. By A and y; and A and x, draw two Diameters ; in them 
find I and K, the two Interior Poles of the containing Sides, by 
Problem 1. Caſe 3 of Spheric Geometry, in Pages 111 and 112. 

2. Reduce thoſe two Poles Land K, (by laying a Scale on the 
Angutar Point F, and them) to cut'the Primitive Circle in L and 


M; which being meaſured on the Chords, ſheweth how much 
the Angle DFE, or BFE, is; one Acute, the other Obtuſe. 
| Problem 
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eben I. WAs Parolel Cid 


Definition. A leſſer Circle of the Sphere, cutteth it into two 
unequal Parts, and when Parallel to a given Great Circle, is 
called a Parallel Circle, 


In this Problem are three Caſes. 


Problem IX. Caſe 1. To draw a Circle parallel to the Primitive 
| Circle, at any given Diſtance from it, or from its Pole. 
The Rule. With the Half Tangent of its Diſtance from the 


Pole, and one Foot on the Center of the Primitive Circle, draw 
a Cycle, and it is done. 


| Example. Plate 3. Fig. 9. 
BCDE the Primitive Circle, A its Center given; to draw a 
Circle parallel to BCDE, at 3od. Diſtance from it is required? 
With the Half Tangent of 60d. (the Complement of 30d. 
and) its Diſtance from the Pole of the Primitive Circle, ſet one 
Foot in A (the Center, and Pole of the Primitive Circle) and 
deſcribe the Circle : m no, Which is parallel as required. 


Problem IX. Caſe 2. To draw a Circle parallel to a Right Circle, 


The Rule. 1. From the Chords lay the Parallel's Diſtance 
from the Right Circle, or the Complement thereof, from one of 
the Poles of the Right Circle, both Ways, and note theſe two 
Marks on the Primitive Circle. 


2. With the Tangent of the Parallel's Diſtance from the Pole 
of the Right Circle, and one Foot on each of thoſe two Marks, 


deſcribe Arcs to cut each other, in the Center of the Parallel 
Circle required to be drawn, 


| Example. Plate 3. Fig. 7. 
BCDE the Primitive Circle, and A its Center ! 3 
BAD is a Right Circle — 

To draw a Circle parallel to BAD, at 40d. diflant from it, or 50d. 

Di/tance from C, its Pole required? 
1. Lay 40d. from B top, and from D tog; or lay its Com- 


plement 50d. from C, one of the Poles of the Right Circle both 
Ways to the ſaid p and g. 


With the Tangent of god. and one Foot on jo make 


the Arc y, the Point of Interſection at y, is the Center of the 
parallel Circle pr g, required to be drawn, 
| Problem 
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Problem IX. Caſe 3. To draw à Circle parallel to an Oblique Circle. 


The Rule. 1. Find the interior Pole of the given Oblique 
Circle by Problem 1. Caſe 3. in Pages 111 and 112, which . 
reduce to the Primitive Circle, and therefrom lay the Parallels 
Diſtance from the Pole both Ways, which being reduced to the 
Right Circle, is the Diameter of the parallel one. 

2. Find the Middle of the ſaid Diameter, which is the Center 
of the parallel Circle paſſing through thoſe Marks, and it is done. 


» 


Example. Plate 3. Fig. 11. 


_ an Obliene Circle, and | 4 Fits Center given. 

To draw a Circle parallel to BFD, at 40d. Diſtance from it, 
or 50d. Diſtance from its Pole is required ? 

1. Find G the Pole of the given Oblique Circle BFD, by 
Problem 1. Cale 3. of Spheric Geometry, in Pages 111 and 112. 
2. Meaſure AG on the Half Tangents, and ſuppoſe it tobe 3od. 
which add to, and ſubtract from 50; the Sum 80d. lay from A to 
E, and the Difference 20d. lay from A toc: Or thus, reduce 
G to the Primitive Circle, and from it lay 5od. both Ways, 
which reduce to the Right Circle, gives the ſame Point 4 and c. 

3. Find n the Middle between and c, and on m as a Center, 
draw a Circle to paſs through “ and c, which is the parallel 
Circle required to be drawn. ; | 

Thus much for Problems neceſſary for making and meaſuring 
Spheric Triangles; which I adviſe the Learner perſectly to ac- 
quaint himſelf with, and then the following Applications will 
be the better underſtood. 


Section II. The Uſe of the Nine preceding Problems, in making any 
Spheric Triangle, and meaſuring its Parts, or the Doctrine of 
Spheric Triangles. | 


Definition 1. A Sphere or Globe, is a round Body made by the 
moving a Semi-circle about its own Diameter, 
'till the Motion ends where it firſt began; the Semi-circle's 
Diameter is the Axis or Diameter of the Sphere, in the Middle 
of which is a Point called the Center, from whence all Right 
Lines drawn to the Surface, or outſide of the Sphere, are equal. 
2. A Spheric Triangle, is deſcribed on the Surface of the 
Sphere, whoſe Sides are the Arcs of three great Circles mutually 
interſecling 
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interſecting each other; and is either Quadrantal, Rectangular, 
or Obliquangular. 
A Quadrantal one Side g $a 
3.4 A Rectangular Triangle hath} one Angle J 90d. 
An Obliquangular no Side a Quadrant, 
or god. nor any Angle god. Hy 
Note 1. In every Spheric Triangle, each Side is leſs than a 
Semi circle, or 180 Degrees. 
2. The Sum of any two Sides is greater than the third Side. 
3. The three Sides added together, their Sum is leſs than 360 
Degrees. | 
Fu The Sum of the three Angles is ever more than two 


Right Angles, or 180d. but always leſs than fix Right, or 540 
Degrees. 


Problem X. The Hypothenuſe, and one Leg given; to make @ 
Rectangular Spheric Triangle. 


Note, To make a Rectangle Spheric Triangle, two Things, 
(beſides the Right- angle) muſt be given. 


Example, Plate 4. Fig. 1. 


Hy pothenuſe AC 54d. 25m. 7 e. 
er Leg B - - 23d. 29m. i E? 
Wich them to make a Rectangular Spheric Triangle is required? 


1. Draw the Primitive Circle with the Chord of 60d. or Sine 
of god. or with a Half Tangent of god. and quarter it, which 
muſt be done in every Problem. 

Then conſider whether one of the Oblique Angles ſhall be at 
the Primitive Circle, or at its Cenrer. | 

Fir/l, If at the Center of the Primitive Circle, then 

1. Draw (by Prob. g. Caſe 1. of Spheric Geometry) a Circle 
parallel to the Primitive, at 54d. 25m. (the given Hypothenuſe) 
diſtant from its Pole; that is, with the Half Tangent of 54d. 
25m. and one Foot on A (the Center of the Primitive Circle) 
deſcribe a Circle. | 

2. Then (by the ſecond Caſe of the aforeſaid Problem) draw a 
Circle parallel to a Right Circle, at 23d. 29m. (the given Leg) 
Diſtance from it ; theſe two parallel Circles cut each other in C. 

3- Through A and C, draw a great Circle, which in this 
Caſe is a Right Circle) that is a Diameter; and from C (by 
Problem g. Caſe 3. of Spheric Geometry, in Page 115) draw a 


gr cat 
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Circle, perpendicular, or at Right Angles to AB, which 
in this Caſe will be an _—_ Circle, and 'tis done. 
| r, 

Secondly, To make the Triangle fo that one of its Oblique 
Angles may be at the Primitive Circle. - 

1. The Circle being deſcribed, and quartered as before 
directed; Then, 

2. Draw (by Problem q. of Spheric Geometry (a Circle parallel 
to a Right Circle, at 54d. 25m. diſtant from A its Pole, 

. And by the aforeſaid Problem draw a Circle parallel to the 

Primitive Circle, at 23d 29m. diſtant from it, that is, take 66d. 

1m. from the Scale of Half Tangents, and with one Foot on the 
ter draw a Circle, to cut the former Parallel Circle in C. 

4. Then through A and C draw a Great Circle, which in this 
Caſe' will be an Oblique Circle; and from C (by Problem 5. 
Caſe 1. of Spheric Geometry, in Page 114) draw a Great Circle 
perpendicular to AB; which in this Caſe will be a Right Circle, 
and 'tis done. | 

an To meaſure the Things required. 
The Leg ABZ is 5 meaſured ) 7. Page 118. 
Angles BACandACB are { by Prob. 8. Page 119. 120. 


Problem XI. The Hypothenuſe and one Angle given, to make a 
: Triangle. 


Example. Plate 4. Fig. 2. 


Hypothenuſe AC 54d. 25m. } . 
The — BAC - - 29d. zom. { given 8 


With them to make a Rectangular Spheric Triangle, is required? 


Firft, To make the Triangle, that the given Angle BAC 
may be at the Center of the Primitive Circle. 

1. Having deſcribed that Circle, and quartered it, as before 
directed in Problem 10. make the Angle BAC equal to 29d. 
3om. (by Problem 2. Caſe 1. in Page 112. of Spheric Geometry) 
that is, from the Scale of Chords, lay 29d. 3om. on the Primi- 
tive Circle, and therefrom draw a Line through A, the Center 
of the Primitive Circle. 

2. Make AC equal 54d. 25m. (by Prob. 6. Caſe 2. in Page 
117, of Spheric Geometry) that is, from the Scale of Half 
Tangents, lay 54d. 25m. from A to C. 

3. By Problem 5. Caſe 3. in Page 115. draw a Great Circle 

through 
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through C, perpendicular unto AB, to cut the Right Circle AB 
in B; which in this Caſe is an Oblique Circle, and it is done. 

Secondly, To make the Triangle fo, that the given Angle may 
be at the Primitive Circle, 

1. After the Primitive Circle is made, and quartered as before, 
let A be one of thoſe: Marks or Quarters; then by Problem 2. 
Caſe 2. in Page 112, make the Angle at A equal to 29d. 3om. 
by drawing an Oblique Circle with the Secant of the given 
Angle, as is the Oblique Circle AC. 

2. Then (by Problem 6. Caſe 3. in Page 117.) lay 54d. 25m. 
on the Oblique Circle from AtoC; or draw (by Problem 9. Caſe 
2. in Page 121.) a Circle parallel to a Right Circle at 54d. 25m. 
diſtant from A its Pole, to cut the Oblique Circle AC in C. 

3. By Problem 5. Caſe 1. in Page 114, draw a Circle from 
C, perpendicular to the Primitive Circle AB, tocut AB in B: 
which in this Caſe is a Right Circle, and 'tis done. 


To meaſure the Things required. 


. Legs AB, and BC are 7. | Page118. 
1 ö Angle ACB - - is —— 8. Jag 120. 


Problem XII. A Leg, and its adjacent Angle given; to make 4 
Triangle. Example. Plate 4. Fig. 3. 
Leg AB = - - god. 30m. 7 . 
The Angle BAC - 29d. 3om. { given =} 
With them to make a Rectangle Spheric Triangle is required; 


Fir/t, To make the Triangle, that the given Angle (BAC) 
may be at the Primitive Circle's Center. 

1. The Primitive Circle being deſcribed, and quartered as be- 
fore, and A placed at its Center; (then by Problem 2. Caſe 1. 
in Page 112. of Spheric Geometry) make the Angle (BAC) equal 
to 29d. 20m. by drawing the Right Circle AC. 

2. Ey Problem 6 Caſe 2. in Page 116. make AB equal to 
50d, zom. that is, from the Scale of Half Tangents, lay 50d. 
30m. on the Right Circle from A to B. 

3 By Problem 5. Caſe 3. in Page 115. draw through B, an 
Oblique Circle BC, perpendicular to the Right Circle AB, to 
cut the Right Circle AC in C, and 'tis done. Or thus, 

From the Scale of Secants, take 39d. 3om. the Complement of 
AB god. 3om. ſetting one Foot in B, the other Foot marks out 
(on the Right Circle AB extended) the Center of the Oblique 
Circle BC, which concludes the !'riangle. 


Secondly, To make the Triangle fo, that the given Angle may 
be at the Primitive Circle, 1 
| I, 
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1. A being on, or at the Primitive Circle, (then by Problem 2. 
Caſe 2. in Page 113.) made the Angle BAC equal to 29d. zom. 
by drawing the Oblique Circle AC, with the Secant thereof. 
2. Ey Problem 6. Caſe 1. in Page 116. make AB (on the 
Primitive Circle) equal to 50d. 3om. by laying the Chord of it 
from A to B. 

3. By Problem 5. Caſe 1. in Page 114. draw a Great Circle 
from B, perpendicular to AB, as the Right Circle BC ; to cut 
the Oblique Circle AC in C, and *tis done, 


To meaſure the Things required. 


The 22 e oy mw * go | meaſured by Prob, { 3 | 


Problem XIII. 4 Leg and its oppoſite Angle given; to make a 
Triangle. Example. Plate 4. Fig. 2. 


Leg BC - - - 23d, ay 
9925 1 BAC - 20d. 3om. TS 
With them to make a Rectangular Spheric Triangle is required? 


Fit, To make the Triangle, with the given Angle at the 
Primitive Circle's Center. 

1. The Primitive Circle drawn, Cc. as before, and A at its Cen- 
ter, (by Problem 2. Caſe 1, in Page 112.) make the Angle BAC 
equal to 20d. 30m. by drawing two Right Circles AB and AC. 

2. Draw (by Problem 9. Caſe 2. in Page 121.) a Parallel 
Circle, parallel to the Right Circle AB, at 23d. 29m. Diſtance 
from it, tocut AC in C. 

3. From C (by Problem 5. Caſe 3. in Page 115.) draw an 
Oblique Circle BC, perpendicular to the Right Circle AB to 
cut AB in B, and 'tis done, 


Secondl', To make the Triangle, that the given Angle may 
be at the Primitive Circle. Plate 4. Fig. 4. 

1. A, being at the Primitive Circle, (by Problem 2. Cale 2. 
in Page 113) make the Angle BAC equal to 29d. g3om. by 
drawing the Oblique Circle AC, with the Secant thereof, 

2. By Problem 9. Caſe 2. in Page 121. draw a leſſer Circle, 
parallel to the Primitive Circle AB at 23d. 29m. Dittance from 
it, to cut the Oblique one AC in C: Or thus, with the Half 
Tangent of 66d. 31m.) the Complement of 23d. 29m.) and one 
Foot in the Center of the Primitive Circle, with the other cut 
the Oblique Circle in C, 

3. From C (by Problem 5. Caſe 1. in Page 114.) draw a 8 

Circle 
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Circle BC, perpendicular to the Primitive Circle AB, to cut 
AB in B, and 'tis done, : | 


To meaſure the Things required. 
The ; Hypot AC, and Leg AB, are 


ee e  Rg! f meaſured by Prob. .] 
in Pages 117 118 and 120. 


Problem XIV. Both Legs given; to make a Spheric Triangle. 
Example. Plate 4. Fig. 3. 
AB 50d. 30m. 7 
The Leg BC 23d. - my given; 

With them to make a Rectangular Spheric Triangle is required? 

Firſt, Lo make the I riangle, that one of the Oblique Angles 
may de at the Primitive Circle's Center. 

1. A, being at the Center of the Primitive Cirele, draw the 
Right Circle AB, and thereon by Problem 6. Caſe 2 in Page 
117) make AB equal to 50d. 30m. laying the Half-Tangente 
thereof from A to B, 

2, From B (by Problem 5. Caſe 3. in Page 115.) draw an 
Oblique Circle BC perpendicular to AB; Or thus, 

With the Secant of 39d. 3om. (the Complement of 50d. zom.) 
and one Foot on B, with the other Foot mark out (in the Right 
Circle AB extended) the Center of the Oblique Circle BC, 

3. Draw by Problem 9. Caſe 2. in Page 121.) a leſſer Cir- 
cle parallel to the Right Circle AB, at 23d. 29m. diſtance from 
it, to cut the Oblique Circle BC in C: Or thus, 

By Problem 6. Caſe 3. in Page 117. lay 23d. 29m. on the 
Oblique Circle. from Þ to C. 

4. Through A and C Jraw a gre-t Circle; which, in this 
Cac is a right one, and it is done | 

Secondly, To make the Triangle, that one of the Oblique An- 
gles may be at the Primitive Circle. Plate 4. Fig. 5. 

1. By Problem 6. Caſe 1. in Page 116. make AB equal 50d. 
zom. = laying the Chord thereof on the Primitive Circle from 
A to B. | 

2, From B, (by Problem 5. Caſe 1. in Page 114. draw a great 
Circle perpendicular to the Primitive Circle, which, in this Caſe, 
is a right Circle) as BC. 

3. Draw, by Problem g. Caſe r. in Page 121, a leſſer Circle, 
parallel to the Primitive Circle AB, 23d. 29m. diſtant from it, 
to cut the Right Circle BC in C: Or thus, 

From the Scale of Half-Tangents, lay 66d. 31m. (the Com- 
plement of 23d. 29m.) from the Center of the Primitive Circle, 
on the Right Circle to C, | 


4. Through 
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4. Through A and C, draw 2 Great Circle; which in this 


Caſe is an Oblique one, and 'tis done. 
To meaſure the Things required. 


Hypothenuſe AC - = is ; 
The Angles BAC, and ACB are meaſured by Problem g 
in Pages 117, 118, and 120, 


Problem XV. Both the Anglesgiven; to makea RightSphericTriangle. 
Example. Plate 4. fig. 6. 
BAC 29d. 1 > 
The Angle ACB w_ —_ { given ; 

With them to make a ReQangle Spheric Triangle is required ; 

1. By Problem 2. Cafes 2. in Page 113, make the Angle 
BAC equal to 29d. 3om. by drawing the Oblique Circle AB, 
with the Secant thereof, 

2. Find I, the Pole of the Oblique Circle AB, by Problem 
1. Cafe 3. in Pages 111 and 112. 5 

3. Through | (by Problem 3. in Page 113.) draw an Ob- 
lique Circle 1BC, that the Angle ACB may be 71d. 56m. which 
will cut the Oblique Circle AB in B the Rectangle, and the 
Primitive Circle in C, and fo complete the Rectangle Spheric 
Triangle ABC, required to be made, 

To meaſure the Things required. 

The Hypothenuſe AC, and Legs AB, and BC, are meaſured 
by Problem 7. of Spheric Geometry, in Pages 117 and 118. 

Thus, All theCaſes of Rectangular Spheric Triangles may be 
deſcribed, and reſolved by the laſt Six Problems: In like man- 
ner, the Cafes of Oblique Spheric Triangles may be Geometri- 
cally ſolved by the Six following Problems. X : 


Problem XVI. Two Sides and an Angle oppoſite given; to make an 
Obligue Spheric Triangle, | 


Note; To make an Oblique Spheric Triangle, three Things 
muſt be given. 

Note aiſo, The Angle oppoſite to the other given Side ought 
to be foreknown, whether Acute or Qbtuſe ; otherwiſe two ie- 
veral Triangles may be made from the ſame given Things, as may 
be ſeen by obſerving the Conſtruction of the next two F Ig, 


Example. Plate 4. Fig. 7. 
Side - AC 10. 07m. 
They Side - - AD 65d, 20m. given; 
Angle ADC 27d. zom. 


With them to make a Spherie Triangle (ſo that the Angle 
ACD may be Obtuſe) is required? A 
1, On 
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1. On the Primitive Circle, make AD (the given Side joining 
to the given Angle) equal to 65d. 20m. by Problem 6. Caſe 1. 
of Spheric Geometry, in Page 116. 

2. By Problem 2. Caſe 2. in Page 112. make the Angle ADC 
equal to 27d. 3om. by drawing the Oblique Circle DC, with the 
Secant thereof. 

3. Draw (by Problem 9. Caſe 2. in Page 121) a Parallel 
Ciccle at 34d. 07m. diſtance from A, to cut the Oblique Circle 
DC in C. 

4. Through A and C, draw a Great Circle and *tis done. 


To meaſure the Things required. | 
Angles CAD, and ACD are 8. 
The $ ES c meaſured by Prob. 3 


in Pages 118, 119, and 120. 


Problem 17. Two Angles, and one Side oppoſite given; to make an 
Oblique Spheric Triangle. | 


Example. Plate 4. Fig. 8. 
Angle CAD 3od. 48m. 

They Angle ADC 27d. 3om. given; 
Side CD — 38d, 28m. 

With them to make an Oblique Spheric Triangle, fo that the 
Side AC may be leſs than a Quadrant, or god. is required ? 

1. By Prob. 2. Caſe 2. in Page 112, make the Angle ADC 
equal to 27d. 3om. (always the Angle joining to the given Side) 
by drawing the Oblique Circle DC, with the Secant of it. 

2. Draw (by Prob. 9. Caſe 2. in Page 121) a parallel Circle 
at 38d. 28m, diſtance from D, to cut the Oblique Circle DC, 
in C. 

3. Then through C (by Prob. 3. in Page 113.) draw a great 


Circle to make an Angle at the Primitive Circle that may be 
equal te 30d. 48m. as is the Oblique Circle CA, and 'tis done. 


To meaſure the Things required. 
Side AC, and AD are | : 

The 145855 SOL 1 meaſured by Prob. 17-4 
in Pages 118, 119, and 120. . 

Note; In theſe two laſt Problems, the three given Things with- 
out the Quality of a Fourth, are not ſufficient to determine the Tri- 
angle; And the Quality of a Fourth is not always diſcoverable 
by the given Things; therefore they are called Doubtful Caſes. 


Problem 18. Two Sides and one Angle between them given; to mate 
an Oblique Spheric Triangle. 


I Example 
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Example. Plate 4. Fig. . 
Side — — — AC 34d. obm. 
The Side — — — AD 65d. 20m. ſein 
Angle — — CAD god. 46m. | 
With them to make an Oblique Spheric Triangle is required? 

1. By Problem 2. Caſe 2. in Page 112 make the Angle 
CAD equal to 30d. 46m. by drawing the Oblique Circle AD 
with the Secant thereof. 

2. Make AC (on the Primitive Circle) equal to 34d. obm. 
and AD (on the Oblique Circle) equal to 65d. 20m. by Prob- 
lem 6. Caſes 1 and 3. in Pages 116 and 117. 

2. Through C and D, draw a Great Circle, and *tis done, 

_ To 9 the Things required. 

Side — — CD — — — is 7. 
N ; Angles ACD, and ADC are meaſured by Prob. 2. 
in Pages 118, 119, and 120. 


Problem 19. Tuo Angles, and one Side between them given; to male 
an Oblique Spheric Triangle. 
Example, Plate 4. Fig. 10. 
Angle ACD 131d. 34m. 
The | Angle ADC 27d. 3om. here 3 
Side — CD 38d. 28m. 
With them to make an Oblique Spheric Triangle is required ? 

1. On the Primitive Circle, make CD equal 38d. 28m. the 
given Side by Problem 6. Caſe 1. in Page 116. 

2. At D. by Prob. 2. Cale 2. in Pages 112 and 113) make the 
Angle ADC equal to 27d. 3om. by drawing the Oblique Circle 
DA ; and at C, make the Angel ACD equal to 131d. 34m. by 
drawing the Oblique Circle AC, and 'tis done. 

To meaſure the Things required, 


Sides AC, and AD are E > 
The Angle CAD — — } meaſured by Prob. Lz. Vin 


Pages 118, 119, and 120. 


Prob. 20, Three Sides given; to make an Oblique Spheric Triangle, 
Examplc. Plate 4. Fig. 11. 
AD 65d. 20m. 
The Side CD 38d. 26m. given; 
AC 34d. o8m, 
With them to make an Oblique Spheric Triangle is required ? 
t. On the Primitive Circle make AD equal to 65d. 20m. (the 
greater given Side) by Problem 6. Caſe 2. in Page 116. 
2. Draw by (Prob. 9. Caſe 2. in Page 121) a Parallel Circle 
at 34d. 8m, diſtance from A; and likewiſe another at 38d. 26m, 
diſtance {rom D, to cut each other in C. | 


3. Through 
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3. Through A and C, and alſo D and C, draw Great Cir- 
cles, which will form the Spheric Triangle required, 


To meaſure the Things required. 


1. Find (by Problem 1, in Pages 111 and 112.) the Pole of 
the three Sides of the Triangle ACD; that is, E the Poles of 
AD, F the Pole of AC, and G the Pole of CD. 

2. Through F and G draw a Great Circle, of which the an- 
gular Point C is it's Pole, and you will form the Triangle EFG. 

3. The Sides of the Triangle EFG, are equal to the Angles 
of the Triangle ACD; and the Angles of the firſt, are equal to 
the Sides of the latter, only the greater Angle in the one, is equal 
to the Supplement (of the greater Side in the other) to a Semi- 
circle. 

That is; the Side EF is equal to the Angle CAD, the Side 
EG is equal to the Angle ADC, and the Side FG is equal to 
the Supplement to 180d. of the Angle ACD. 


4. The Sides EF, EG, and FG, are meaſured by Problem 7, 
in Pages 117 and 118, | 


Prob, 21, Three Angles given; to make an Oblique Spheric Triangle, 


Example, Plate 4. Fig. 12. 
CAD 131d. 34m. 
The Angle 4 ACD god. 45m. Fein 
ADC 27d. 3om. | 
With them to make an Oblique Spheric Triangle, is required? 

1. Suppoſe a Triangle EFG, whoſe Sides are equal to the An- 
gles of the Triangle ADC ; that is, the Side EF equal to 48d. 
26m. the Supplement to 180d. of the Angle ACD equal to 
131d, 34m. and the Side EG equal to the Angle AC) 3ed. 
45m. and the Side FG equal to the Angle ADC 27d. zom. 

2. Then conſtruct the Triangle EFG with the Sides EF, EG 
and FG, as before in the laſt Problem. 

3. Find (by Problem 1.) the Poles of the three Sides of the 
Triangle EFG: that is, A the Pole of EF, C the Pole of EG, 
and D the Pole of FG. 

4. "Through C and D, draw a Great Circle, of which the an- 
gular Point G is its Pole, which will form the Triangle ACD 
required to be made, 

To meaſure the Things required. 


The Sides AC, AD, and CD, are meaſured by Problem 7, 

in Pages 117 and 118. 
Thus much I thought neceſſary as preparative to Spheric 
Trigonometry by Calculation, py the Learner might know 
2 how 
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how to make or conſtruct, and meaſure a Spheric Triangle, or 
any of its Parts; a thing not well underſtood by many who pre- 


tend to be Teachers, to the great Diſadvantage of the ingenious 
Scholar. 


Section III. Of the Affections, or Natural Properties of 
Spheric Triangles, 
Hecſe Afefions are carefully to be minded, in order to the un- 
derſtanding of what may be given, or required in a Spheric 

Triangle; and having already given you the ſeveral Definitions 
of a Sphere, and the Circles of it, with the Kinds of Triangles 
rclative thereto, which I will not here repeat, I paſs on to the 
Affections of Spheric Triangles, as ſollow. 

1. Every Side of a Spheric Triangle is an Are of a Great Cir- 
gelc, and is leſs than a Semi-circe, 

2. Every Great Circle divides the Sphere or Globe into two 
equal Parts called Hemiſpheres. | 

3. Any two Great Circles cutting each other, the Angles 
which are oppoſite and contrary, are equal to one another. 

4. The Sum of any two Sides (of a Triangle) is greater than 
the third Side. 

5. The Sum of che three 5 . { is leſs bang _ "Ta 

more than 180d. 
6. The Sum cf any two Sides, is leſs than the Difference be- 
tween the third Side and 180d. But, 

The Sum of any two Angles is more than the Difference be- 
tween the third Angle and 180d. 

In a ReGangular Triangle, the Legs and their oppoſite 
Anales are of the ſeme Affection; that is, if a Leg be more, or 
leſo than a Quadrant, its oppoſite Angle is likewiſe more, or leſs, 
thin a Right Angle. 

8. Ina ReClangular Triangle, if one Leg be a Quadrant, the 
Bypothenuſe will be aQuadrai't; but if both Legs be of the ſame 
tte ction, the Hypothenuſe is Iefs than a Quadrant; if of diffe- 
rent, 'tis more; and on tne contrary, if each of the Legs be leſs, 
or more than god. the Hypothenuſe is leſs than god. But, if 
one Leg be more than god. and the other leſs, the Hypothenuſe 
is more than god. 


9. If the Hy pothenuſe be dae, than god. one Leg, and its 


leſs than god. the other may, or not. 
more, and the other leſs than god. 
10. If 


oppoſite Angle will be 
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10. If both Angles at the Hypothenuſe are Acute, or Obtuſe, 
the Hypothenuſe is Jeſs than a Quadrant; but if one be Acute, 
and the other Obtuſe, the Hypothenuſe is more than a Quadrant; 


11. In every Triangle, greateſt Sides are oppolite to greateſt 
Angles, and equal Sides to equal Angles. 


12. Inevery Oblique Triangle, two ee | Anglesbcingequal, 


their oppoſite Sides are equa!, and each ; _ | than aQuadrant 


13. If two ſ _ } Angles are unequal, the Side oppoſite 


to the } 5 Angle ſhall be { —. than a Quadrant. 


14. All the Angles Acute, each Side is leſs than a Quadrant. 


Theſe Things being premiſcd, their Solution followeth ; and 
firſt of Rectangular Spheric Triangles, in which are 16 Caſes, 
and then Oblique-angled Spheric Triangles, in which are only 


12 Caſes, 


Section IV. The Solution of the 16 Caſes of Rectangular Spheric 
Triangles, by Lerd Napier's Catholic Propoſition. 


1.JN a Rectangular Triangle, there are beſides the Right-angle 
five Things, which the Lord Napier calleth the Five circular 
Parts of a Spheric Triangle, amongſt which, the Right-angle 
not being reckoned, the two Legs are ſuppoſed to join together. 
2. Any one of theſe five circular Parts, may, (by Suppoſition) 
be made a middle Part, and then the two Circular Parts, which 
are next to that middle Part, are the Extreams Conjunct ; And 
the other (two circular Parts) remote from that (atſumed mid- 
dic Part) are the Extreams Disjunct. | 
3. n every Caſe, two of the aforeſaid five Circular Parts are 
(always) given, to find a third; of theſe three T hings (two 
given and one required) one is middle Part, and the other two 
are Extreams, either Conjunct or Disjunct. | 
The Parts of a Rectangular Triangle being thus diſtinguiſhed, 
obſerye the Univerſal Propoſition tollowing, invented by the 
aforeſaid Lord, the Inventor of Logarithms, f 


The Catholic P ropoſitiou. 
The Sine of the middle Part and Radius, are reciprocally pro- 


portional with the Tangents of the Extreams Conjunct ; and 


with the Sine Complements of the Extreams Disjunct; That is, 
S I 3 | 1. Far 
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1. For Extreams Conjunct, thus; 

As the Radius, is to the Tangent of one Extream; ſo is the 
Tangent of the other, to the Sine of the middle Part: And, 
2. For Extreams Disjunct, thus: 

As the Radius, is to the Sine Complement of one Extream, 
ſo is the Sine Complement of the other, to the Sine of the middle 
Part: Therefore, 

Note; When the middle Part is to be found, the Radius is to 
be the 1ſt Term in the Proportion, as above; But if either of 
the Extreams be required, the other Extream muſt be the firſt 
Term: That is, 

For Extreams Conjunct, thus; 

As the Tangent of the given Extream, is to the Radius; 
ſo is the Sine of the middle Part, to the Tangent of the required 
Extream: And, 

4. For Extreams Disjunct, thus; 

As the Sine Complement of the given Extream, 1s to the Ra- 
dius : ſo is the Sine of the middle Part, to the Sine Complement 
of the required Extream : But, 

Note 1. That if the middle Part, or either of the Extreams 
Conjunct be the Hypothenuſe, or either of the Oblique Angles; 
inſtead of Sine, and of Tangent, you muſt uſe Sine Comple- 
ment, and Tangent Complement. 


A TABLE of all the Varieties of 8 
Conjunct and Disjundt. 


4. 
2 


Number 22 Part. | Ext. Conjunct. Ext, Diqund. 


FEC 
x Sine AB | 5 c. BAC | Sine — AC 


: b Tang. „ diaet. BC 
—Y Sine c. BAC Tang. ks AB Sine ws ACS 


emma 


1———ů——— — 


: Tang. c. BAC | Sine e. — BC 
3 Sine c. AC | Tang. c. ACB Sinec, — AB | 


5 wp | Tang. c. AC | Sine — BAC 
| 4 ine c. ACB Tang. — BC | Sine c. — AB 


— —— _ 


— 
8 Tang. — AB | Sine — BAC 
5 |Sne BC Tang.c. ACB | Sine — AC 


Wa 
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2. If either of the Extreams Disjunct be the Hypothenuſe, or 
either of the Oblique Angles, inſtead of Sine Complement, you 
muſt uſe the Sine. 

And for the eaſier underſtanding theſe Directions, obſerve the 
foregoing Table, wherein are placed the five Circular Parts of a 
Rectangular Spheric Triangle, under their reſpective Titles, 
whether they may be taken for the middle Part, or for Extreams, 
either Conjunct or Disjunct; and unto thoſe Parts are pretixed, 
Sine, Sine Complement, Tanyent, and Tangent Complement ; 
as they ought to be, and are uſed in the Catcs following. 


Prob, 1. Caſe 1, 2, and 3. The Hypothenuſe, and one Leg given, 


1. Angle adjacent 
To ina] 2. te Angle odpobits to the given Leg 
3. Other Leg, 
Example, Platt 4. Fig. 1. 


In the Rectangular Spheric Triangle ABC, there is given, 
The Ham AC 54d. 25m. ACB, BAC 3 
_ 23d. 20m. {and AB — (TIMES 
This Triangle is made by Problem 10. of Spheric Trigono- 
metry Geometric, in Pages 123 and 124. 


1. For the contained Angle ACB, or Angle adjacent ta the 
given Leg, the Proportion is; 

As the Radius is to the Tangent of the given Leg; ſo is the 
Tangent Complement of the Hypothenuſe, to the Sine Comple- 
ment of the adjacent Angle required. Or thus, 

Radius . T. Leg. BC : : T. c. Hypot. AC +. S. c. Angle ACB. 
T. 45d. -- T.23d.29m.:: T. 35d. 35m. . S. 18d. 07m. 
which ſubtract from god. reſt 71d. 53m. for the Angle ACB. 

Therefore the Extent (on the Gunter's Scale) from Tangent 
of 45d. to Tangent of 23d. 29m. reacheth from Tangent 35d. 
35m, to the Tangent 17d. 15m. againſt which, on the Line of 
Sines, is 18d, om. the 4th Term in the Proportion above. 


Note; The Hyp. and given Leg ö earth more — 0 a 


one the other 
than a Quadrant, or god. the required Angle is Frome 


2. For the Angle BAC oppoſite to the given Leg, the Pro- 
portion is thus; 
; I 4 As 
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As the Sine of the Hypothenuſe, is to Radius; ſo is the Sine 
of the given Leg, to the Sine of its oppoſite Angle: Or thus, 

S. Hypot. AC . Radius : : S. Leg BC. S. Angle BAC. 

S. 54d. 25m. .. S. god. : : 23d. 29m. . Sine 29d. 20m. 

Therefore the Extent (on the Gunter) from Sine 54d. 25m, to 
Sine of god. reacheth from Sine of 23d. 29m. to Sine of 29d. 
20m. the fourth Term in the Proportion aboveſai d. 

leſs 
Note. The given Leg # as | than a Quadrant, or god. } | 
the required Angle is | 8 

4. For the Leg AB, the Proportion is thus; 

As the Sine Complement of the given Leg, is to Radius: fo 
is the Sine Complement of the Hypothenuſe, to the Sine Com- 
plement of the required Leg: Or thus; 

S. c. Leg BC. Radius:: S. c. Hyp. AC. . S. c. Leg AB. 

S. 66d. 31m. . $.92d. : : S. 35d. 35m. ++ 8. 39d. 23m. 
which ſubtract from god. reſteth 5od. 37m. for the Leg AB re- 

uired, 
, Therefore the Extent (on the Gunter's Scale) from the Sine of 
66d. 31m. to Sine of god, will reach from Sine of 35d. 35m. to 
Sine of 39d. 23m. the fourth Term in the Proportion atoreſaid, 


: Kind, 


ifferent 


Note, The Hypot. and given Leg of 5 Ne 
the required Leg is 5 5 | than a Quadrant. 


more 


Problem 2. Caſe 4, 5, and 6. 
The Hypothenuſe, and one Angle given; 
| | Leg oppoſite 4 ; 
To 0% * te Leg adjacent Fro he * Angle; 
+ GED 3.3 other Angle 
7 Example. Plate 4. Fig. 2. 
In the Rectangular Spheric Triangle ABC, there is 
. ; Hypot. AC 54d. 25m. > Leg BC, AB, and 
: Angle BAC 29), e ACB required? 
This Triangle is made by Problem 11. of Spheric Trigono- 
metry Geometric, in Pages 124, and 125. 
1. For the Leg BC, oppoſite to the given Angle, the Propor- 
tion is thus; | 3 
As Radius, is to the Sine of the Hypothenuſe; ſo is the Sine of 


the given Angle, to the Sine of its oppolite Leg required: Or thus, 
| | Radius 


2 
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Radius S. Hypot. AC:: S. Angle BAC -- S. Leg BC. 
S. 90d. . S. 54d. 25m. : : S. 29d. 3om. . S. 23d. 36m. 


Acute, 


Note; The given Angle 5 Obtule, { the required 
Leg is leſs chan a Quadrant. 


more 

2. For the Leg AB, adjacent to the given Angle, the Propor- 
tion is this; | 

As the Tangent Complement of the Hypothenuſe, is to Ra- 
dius; ſo is the Sine Complement of the given Angle to the 
Tangent of its adjacent Leg: Or, 

As Radius, is to the Sine Complement of the given Angle; ſo 
is the Tangent of the Hypothenuſe, to the Tangent of the Leg 
required : That is, 

Radius . 8. c. B AC:: T. Hypot. AC. T. Leg AB. 

S. god. S. God. 3om.:: T. 54d. 25m. . T. Fod. 34m. 


Note, When each given Thing is leſs, or more than god. the 
required Leg is leſs than a Quadrant; but if one is leſs, and the 
othcr more, the required Leg is more than a Quadrant, 

3. For the Angle ACB, the Proportion is this, 

As the Tangent Complement of the given Angle, is to Ra- 
dius; ſo is the Sine Complement of the Hypothenuſe, to the 
Tangent Complement of the other Angle: Or thus, 

As Radius is to the Sine Complement of the Hypothenuſe, fo 
is the Tangent of the given Angle, to the Tangent Comple- 
ment of the Angle required ; That is, , | 


Radius +- S, c. Hypot. AC: : T. Ang. BAC. T. c. Ang. ACB. 

S. od... 8. 35d. 35m. : : T. 29d. 3om. ++ T. 18d. 13m. 

which ſubtract from god. reſts 71d. 47m. for the Angle AC B. 
Note; When each given Thing is leſs, or more than god. the 


required Angle is Acute; but when one is more, and the other 
leſs, 'tis Obtuſe. | 


Problem 3. Caſe 7, 8, 9. A Leg and its adjacent Angle given; 


I. Le Angle. 
To find J 2. {ce — oppolite to the given } Leg. 
3. Hypothenuſe. * 


Example. Plate 4. Fig. 3. 


In the Rectangle Triangle ABC, Right- angled at B, there is 
wen J Leg — AB god. zom. J Leg BC, Angle Ac. 
S } Angle BAC 29d. 3om. Jan Hypot. AC required ? 
| | This 


— — — — — — — —— — — — — — — - — _—_ — 
— 4 —— — — — a - 
= - — = — IE CA EEE EE = — — 


— 


— 


- - — —— Ora. 2 — 
— non —— = n= — K - — 
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This Triangle is made by Problem 12, of Spherie Trigono- 
metry Geometric, in Pages 125 and 126. | | 

1. For the Leg BC oppoſite to the given Angle, the Propor- 
tion is, 

As the Tangent Complement of the given Angle, is to the 
Radius; ſo is the Sine of its adjacent Leg, to the Tangent of 
its oppoſite Leg required: Or thus; 

As the Radius is to the Sine of the given Leg ; ſo is the Tan- 


- gent of its adjacent Angle, to the Tangent of its oppoſite Leg ; 


hat is, 

Radius . S. Leg AB:: T. Angle BAC. T. Leg. BC, 

S. god. -- S. 50d. 30om.:: T. 29d. 3om. . T. 23d. 35m. 

Note; The given Angle Acute, the required Leg is leſs than 
a Quadrant, but when Obtuſe, then more than a Quadrant. 

2. For the Angle ACB, oppoſite to the given Leg, the Pro- 
portion is; | | 

As Radius, is to the Sine Complement of the given Leg; ſo 
is the Sign of its adjacent Angle, to the Sine Complement of 
its oppoſne Angle required; That is, | 

Radius S. c. Leg AB:: S. Angle BAC. S. c. Angle ACB, 


S8. god... S. 39d. 3om.:: S. 29d. 30m. . S. 18d. 15m. 
whoſe Complement 71d. 45m. is the Angle ACB. 


Note; The given Leg leſs, or more than god. the Angle re- 
quired is Acute, or Obtuſe accordingly. 

3. For the Hypothenuſe, the Proportion is; 

As the Tangent of the given Leg, is to the Radius; ſo is the 
Sine Complement of its adjacent Angle, to the Tangent Com- 
plement of the required Hypothenuſe : Or thus, 

As the Radius, is to the Sine Complement of the given 


Angle y ſo is the Tangent Complement of its adjacent Leg, to 


the Tangent Complement of the Hypothenuſe : That is, 
Radius ++ S. c. AngleBAC : : T. c. Leg AB +. T. c. Hyp. AC. 
S. god. ++ 8. bod. 3zom. :: T. 39d. 3om. «+ T. 35d. 40m. 
whoſe Complement 54d. 20m. is the Hypotheriuſe AC. 
Note; When each Thing is leſs or more than god. the Hypo- 
thenuſe is leſs than a Quadrant; but if one is lefs, and the other 
more, then the Hypothenuſe is more than a Quadrant, 


Prob. 4. Caſe 10, 11, 12. A Leg and its oppoſite Angle given. 


To find x 7 | adjacent to the given f — 
3.) Hypothenuſe. — | 


Example. 
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Example, Plate 4. Fig. 4. 
In the Rectangular Spheric Triangle ABC, there is, 
Leg — BC 23d. 29m. ? Leg AB, Angle ACB, and 
* * BAC 29d. 3om. Hypothenuſe AC required. 
This Triangle is made by Problem 13, of Spheric 3 
metry Geometric, in Page 126. | 
1. For the Leg AB, adjacent to the given Angle, the Pro- 
rtion is this; | | 
As Radius, is to the Tangent of the given Leg; ſo is the 
Tangent Complement of the oppoſite Angle, to the Sine of the 
other Leg xequired : That is, | | 
Radius +» T. Leg BC : : T.c. Angle BAC. S. Leg AB. 
T. 45d. T.23d. 29m. :: T. 6od. 30m. . S. 50d. 10m. 


Note; If the unknown Angle be Acute, or Obtuſe, the re- 
quired Leg is accordingly more or leſs than a Quadrant. 
Or, the Hypothenule and given Leg, each leſs, or more than 
god. the required Leg is leſs than a Quadrant; but if one is more 
and the other leſs, tis more than a Quadrant. | 
2. For the Angle ACB adjacent to the given Leg, the Pro- 
portion is this; | Se 
As the Sine Complement of the given Leg, is to the Radius; 
ſo is the Sine Complement of its oppoſite Angle, to the Sine of 
its adjacent Angle: That is. A1 
8. c. Leg EC. Radius:: S. c. Angle BAC. S. Angle ACB. 
S. 66d. 31m. . S. god. : : S. 60 deg. 3om. «+ S. 71d. 33m. 


Note; If the Hypothenuſe and given Angle be each leſs, or 
more than god. the Angle required is Acute, but when one is 
more and the other leſs, then it is Obtuſe. | 

Or, the Leg adjacent to the given Angle being leſs, or more 
than god. the Angle required is Acute or Obtuſe, 25 

3. For the Hypothenufe AC, the Proportion is this: 

As the Sine of the given Angle, is to the Radius; ſo is the 
Sine of its oppoſite Leg, to the Sine of the Hypothenuſe re- 
quired: That is, he + . 

S. Angle BAC. Radius:: 8. Leg BC--9. Hypothen. AC, 

S. 29d. 30m. ++ S. god. : : S. 23d. 29m. . 8. 54d. oim. 

Note; If both Legs, or both Angles are of one Kind, the 
Hypothenuſe is leſs than a Quadrant, but if they be of different 
Kinds, the Hypothenuſe is more than a Quadrant. 


Problem 5. Caſe 13 and 14. Both the Logs gun z 10 find 
I. Either of the Angles ? a. The Hypothenufe ? 5 8 


Example. 


140 Spberic Trigonometry Reltaugular. Chap. V. 


Example. Plate 4. Fig. 5. 

In the Rectangular Spheric Triangle ABC, there is 
14 ö AB god. 3om. Angle BAC, or ACB, and 
Ft es J BC 23d. 29m. Foo AC required. 

This Triangle is made by Prob. 14. of Spheric Trigonometry 
Geometric, in Page 125. | 

1. For either of the Angles, the Proportion is, 

As the Tangent of one You is to Radius; ſo is the Sine of 
the other Leg, to the Tangent Complement of the Angle oppo- 
fite to the firſt Leg: Or thus, a 
As Radius, is to the Sine of one Leg; ſo is the Tangent 
Complement of the other Leg, to the Tangent Complement of 
the Angle oppoſite to the laſt 35 That is, | 

Radius · S. Leg AB:: T.c Leg BC. T. c. Angle BAC. 

S8. 90d. . $.50d.3om. : : T. 66d 31m. . T. 60d. 37m, whoſe 
Complement 29d. 23m. is the Angle BAC: Alſo it is, 

Radius ++ S. — BC :: T. e. Leg AB. T. c. Angle ACB. 
S8. god... S. 23d. 20 m.:: T. 39d. 30m... T. 18d. 11m. whoſe 
Complement 71d. 49m. is the Angle ACB. 

Note, If the Leg oppoſite to the required Angle be leſs than a 
Quadrant, the Angle ſought is Acute; but if greater, then *tis 
Obtuſe. | 348 . | 

2. For the Hypothenuſe, the Proportion is thus; 

As Radius, is to the Sine Complement of one Leg; fo is the 
Sine Complement of the other Leg, to the Sine Complement of 
the Hypothenuſe; that is; | | 

Radius ++ S. c. Leg. AB: : S. c. LegBC -- S. c. Hypot. AC. 

„ 8. god. . S. 30d. 3om. :: S. 66d. 31m. . S. 35d. 41m. whoſe 

omplement 54d. 19m. is the Hypothenuſe AC. 

Vote, If both Legs be of one Kind, the Hypothenuſe is leſs 
than a Quadrant; but when of different Kinds (that is, one Leg 
more, the other leſs than a Quadrant) then the Hypothenuſe is 
more than a Quadrant. 


Problem 6. Caſe 15 and 16. Both the Obligue Angles given; 
To find, 1. Either of the Legs? 2. The Hypothenuſe ? 


Example. Plate 4. Fig. 6. 


In the ReQangular Spheric Triangle ABC, is given, 
1 408 724 zom. FIG AB, or BC, and 
8 ACB 71d. 56m. Hypothenuſe AC required; 
This Triangle is made by Problem 15, of Spheric Trigono- 
metry Geometric, in Page 128. Eb 
1. For either of the Legs, the Proportion is thus _ 
Slems: 2 


Set. V. Spheric Trigonometry Reflangular. I41 


As the Sine of one Angle, is to Radius; ſo is the Sine Comple- 
ment of the other Angle, to the Sine Complement of its oppoſite 
Leg; That is, 

J Ang. BAC ++ Radius:: S. c. Ang. ACB --S. c. Leg AB. 

S. 29d. 3om.-+9S.9g0d. :: 8. 18d. om. ++ S. 39d. 02m, 
whoſe Complement 50d. 58m. is the Leg AB: Allo it is, 

S. Angle ACB ++ Radius:: S. c. Angle BAC. S. c. Leg BC. 
S. 71d. 56m. . S. god.:: 8. God. 30om. . S. 66d. 17m. 
whole Cumplement 23d. 43m. is the Leg BC. 

Note; If the Angle oppoſite to the required Leg be Acute, the 


Leg ſought is Jeſs than a Quadrant; but if Obtuſe, then 'tis 
greater than a Quadrant. 


2. For the Hypothenuſe, the Proportion is thus; 

As Radius, is to the Tangent Complement of one Angle; ſo 
is the Tangent Complement of the other Angle, to the Sine 
Complement of the Hypothenuſe ; That is, 

Radius +» T. c. Ang. BAC: : T. c. Angle ACD. S. c. Hyp. AC. 
7. 45d. T. God. 3om.:: T. 18d. om. . . 8, 35d. 13m. 
whoſe Complement 54d. 47m. is the Hypotnenuſe AC. 

Nate; The Angles of one Kind, the Hypothenuſe is leſs than 


a Quadrant ; but when of different Kinds, 'tis more than a 
Quadrants. / 


Section V. Four Axioms, by which the 12 Caſes of Oblique angled 
| Spheric Triangles are reſolved. 


Axiom 11] N all Spheric Triangles, the Sines of their Sides are 
in direct Proportion to the Sines of their oppoſite 
Angles; That is, 

1. As the Sine of a Side, is to the Sine of its oppoſite Angle; 
ſo is the Sine of any other Side, to the Sine of its oppoſite Angle. 

2. As the Sine of an Angle, is to the Sine of its oppoſite Side; 
ſo is the Sine of any other Angle, to the Sine of its oppoſite Side. 
Aim 2. Firſt, As the Sine of half the Sum of two Sides, 
(containing an Angle) is to the Sine of half their Difference : 

do is the Tangent Complement of half the contained Angle, 
to the Tangeat of half the Difference of the other two Angles. 

Again, 

Secondly, As the Sine Complement of half the Sum of two 
Sides (containing an Angle) is to the Sine Complement of half 
their Difference; 

So is the Tangent Complement of half the contained Angle, 
to the Tangent of half the Sum of the other two Angles. 

Axiom 3. Firſt, As the Sine of half the Sum of two Angles; 
is to the Sine of half their Difference; 59 
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So is the Tangent of half their interjacent Side, to the Tan- 
gent of half the Difference of the other two Sides: Again, 

Secondly, As the Sine Complement of half the Sum of two 
Angles, is to the Sine Complement of half their Difference 

So is the Tangent of half their interjacent Side, to the Tan- 
gent of half the Sum of the other two Sides, 

Axiom 4. As the Rectangle of the Sines of the two containing 
Sides, is to the Square of the Radius ; | 

So is the Rectangle of the Sine of half the Sum of the three 
Sides, and of the Sine of the Difference between the ſaid half 
Sum and the Side oppoſite the Angle, to the Square of the Sine 
Complement of half the contained Angle ſought. 

The Explanation and Uſe of theſe four Axioms, you will find 
in the Solution of the following Caſes of Oblique $oheric Tri- 
angles, . | 

Problem 7. Caſe 1, 2, and 3. 
Two Sides, and an oppoſite Angle given; to find 

1. The Angle oppoſite to the other Side, 

2. The Angle contained between them, if the required 

3. The third Side — - 
oppoſite Angle be foreknown to be Acute or Obtuſe, 

Example. Plate 4. Fig. 7. 
In the Oblique Spherie Triangle ACD, there is 


Side----AC 34d. 07m. JAngleACDbeingObtuſe * 
given] . 


Side -A D 65d. 20m. Angle CAD 
Angle ADC 27d. zom. ] Side = CD 

This Triangle is made by Prob. 16, of Spheric Trigonometry 
Geometric, in Pages 128 and 129. | 

1. For the oppoſite Angle ACD, the Proportion (by Axiom 1,) 
is thus; 

As the Sine of the Side AC, is to the Sine of the Angle ADC; 
So is the Sine of the Side AD, to the Sine of the Angle ACD; 
That is, | 
8. Side AC. S. AngleADC :: S. Side AD.. S. Angle ACD. 
S. 34d. 0711. . 8. 27d. 3om. :: S. 65d. 20m. . S. 48d. 25m. 

hich ſubtracted from 180 reſteth 131d. 35m. for the Angle 
AC, it being required to be Obtuſe. | 

2. For the contained Angle CAD (having before found the 
oppoſite Angle) the Proportion (by Axiom 2. Part 1. inverted,) 
is thus ; 

As the Sine of half the Difference of the Sides AD and AC, 
is te the Sine of half their Sum; ſo is the Tangent of half the 
Difference of the Angles ACD, and ADC, to the Tangent 
Complement of half the Angle CAD; and, 


— 


3. For 


Lond 


— tos wa tA © t— 
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3. For the third Side CD, (having found the oppoſite Angle) 
the Proportion, (by Axiom 3, Part 1, inverted) is thus; 

As the Sine of half the Difference of the Angles ACD, and 
ADC, is to the Sine of half their Sum; 

So is the Tangent of half the Difference of the,Sides AD and 
AC, to the Tangent of half the Side CD : That is, 


d. m. | d. m. 
Side AD65. 20 Ang. ACD 131.35 
Side AC 34. 07 d. m. Ang. ADC 27.30 d. m. 


Sum is 99.27 ſ Sum 49.43Sum is 159.05 } 24 Sum79. 32 
Differ. 31.13 Diff. 15. 36] Diff. is 104.05 ] © © Diff. 52.02 
8. Z Diff. Sides . S. 2 their Sum: : T. + Diff. Ang. . T. c. 4 CAD, 
S. 15d. 36m. . S. 49d. 43m. :: T. 52d. 02m. +» T. 74d. 37m, 
Which ſubtract from — — — — — god. com. 
Remainder is half the Angle CAD — — — 13d. 23m. 
Which being doubled — — — — — 15d. 23m. 


Produceth the required Angle CAD — — god. 46m, 
8. 2 Diff, Ang, «+ S. their dum: : T. Z Diff. Sides . T. 3 CD. 
S. 52d. ozm. .. S. 79d. 32m. : : T. 15d. 36m. .. T. 19d. 12m. 
Which being doubled — — — — — 19d. 12m. 
Produceth the required Side CN — — — 38d. 24m, 


Problem 8. Caſe 4, 5, and 6. 
Two Angles and one Side oppoſite given; to find, 
1. The Side oppoſite to the other Angle, 
2. The interjacent, or Side between them if the required 
3. The third Angle — — — — 


oppolite Side be foreknown to be more, or leſs than a Quadrant. 
Example. Plate 4, Fig. 8. 
In the Obligue Spheric Triangle ACD, there is given, 
Angle CAD. 30d. 48m 5 — AC leſs than god, 


Angle ADC 27d. 3om. Side — AD — — — prequired 
vide — CD 38d. 28m. JAngle ACD — — — 
This Triangle is made by Problem 17. of Spheric Trigono- 
metry Geometric, in Page 129. 
I. For the oppoſite Side AC, the Proportion by Ax. 1. is thus; 
As the Sine of the Angle CAD, is to the Sine of the Side 
CD; fo is the Sine of the Angle ADC, to the Sine of the Side 
AC; That is, | 
S. Angle CAD -- S. Side CD:: S. Angle ADC. . S. Side ACreq. 
S. 30d. 48m. . . S. 38d. 28 m.:: 8. 27d. 3om, . . S. 34d. 07m. 
2. For the interjacent Side AD, (having firſt found the oppo- 
lite Side) the Proportion by Axiom 3. Part 1. inverted) is thus, 
As 
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As the Sine of half the Difference of the Angles CAD and 

ADC, is to the Sine of half their Sum ; 

So is the Tangent of half the Difference of the Sides CD and 
AC, to the Tangent of half the Side AD: And, 

3. For the third Angle ACD, (having firſt found the oppoſite 
Side) the Proportion, (by Axiom 2. Part 1. inverted) is thus; 

As the Sine of half the Difference of the Sides CD and AC, is 
to the Sine of half their Sum ; 

So is the Tangent of half the Difference of the Angles CAD 
and ADC, to the Tangent Complement of half the Angle 
ACD; that is, 


JAC 34 07 d. m. 


Sum is 58 18 on Sum29.09|/Sumis 72 35 1 Su. 36 17 
Difference 03 18 Diff. 1. 39Diff. is 4 21 F* Dif. oz 10 
S. Z Diff, Ang. S. 3 their Sum: : T. 2 Diff. Sides . T. AD 
S. o1d. 39m. ++ S. 20d. m.:: T. ozd. 1om. . T. — 32d. 37m. 
Which being doubled — — — — — 32d. 37m. 
Produceth the Interjacent Side AD — — 68d. 14m. 
S.! Diff. Sides . S. z their Sum : : T. 2 Diff. Angles · T. c ZACD 
$.02. 10m. ++ S. 36d. 17m. :: T. o1d. 30m. T. — 24d. 16m. 
Which ſubtract from — — — — — god. oom. 


Remainder is half the Angle Ac? — — 65d. 44m. 
Which being doubled — — — — — 6d. 44m. 


— — 


Produceth the Angle ACD to be — — — 131d. 28m. 


Note; In the ſix preceeding Caſes, the three given Terms 
without the Quality of a Fourth, are not ſufficient, whereby 
one ſingle Anſwer may be found; and the Quality of the Fourth 
is not always diſcoverable by the given Terms ; Therefore they 
are called in the Six doubtful Cales. 


Problem 9, Caſe 7 and 8. 
Two Sides, and one Angle between them given ; to find. 
1. Either of the other Angles; 
2. The third Side, or Side oppoſite to the given Angle. 


Example. Plate 4. Fig. q. 
In the Oblique Spheric Triangle ACD, there is 
Side — AC 34d. obm<J Angle ACD, or 
given ö Side — AD 65d. 20m. {ang ADC, and required; 
Angle CAD 3cd. 46m. J Side CD, is 
This 
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This Triangle is made by Problem 18. of Spheric Trigonomet: y 
Geometric, in Pages 129 and 170. 841 | 
For the Angle ACD, or ADC, the Proportion (by Axiom 2, 
Part 1 and 2.) is thus; ; 
m. . d. m. 
dide AD 65.20 | Angle CAD 30.46 _ 
AC 34:00 | The Half is 15.23, an 
Sum of Sides 99 26 Sum 218 74-37 
SEE The 49-43 Fc Comp, $ 40.17 


» 


Differ. Sides 31.14 Diff. 15.37 74-23 
As S. Sum AD&AC ++ S.ZDifF. : : T. c. CAD. T. Di Ang. 
As S. 49d. 43m, ++ S. 15d. 35m. :: T. 74d. 37m. +» T. Sad. 03m, 
Then again, | 

As S. c. $ Sum Sides. S. c. 2 Diff. : : T. c. ? CAD T. SumAng, 
As S. 40d. 17m. . S. 74d 23m. :: T. 74d. 35m. T. 79d. 32m. 
To it add the Half Difference found above 52d. 03M, 

The Sum js the greater Angle ACD 131d. 35m. 


And being ſubtracted, is the leſs Angle ADC — 27d. 29m. 


Note; If the Sum of the two containing Sides exceeds a Semi- 
circle, then ſubtract each Side from 180 Degrees, and proceed 
with thoſe Remainders as with the Sides given; the Proportion 
produces the Supplement of the Angle required to a Semicirele. 


For the third Side CD, or Side oppoſite to the given Angle, 
the Proportion (after the Work above is dune) may be made by 
Axiem 1, Or it may be deduced from the Lord Napier Catholic 
Propoſition (by a ſuppoſed Perpendicular, let fall from one End 
of the leſs given Side, to the greater Side given, reducing the 
Oblique Triangle into two Recangulars) which finds the Side 
oppoſite to the given Angle at two Proportions, 'without finding 
the Angles; And it is thus, 5 


1. As Radius is to the Sine Complement of the contained An- 
gle; ſo is the Tangent of the leſs given Side, to the Tangent of 
a Fourth Arc. F-. | 


Then, if the contained Angle be Acute, ſubtract the Fourth 
Arc from the greater given Side, but when it is Obtuſe from the 
Supplement thereof to a Semicircle, or 180 Degrees, the Re- 
mainder is called the Reſidual Arc: Then, | 


2. As the Sine Complement of the Fourth Arc, is to the Sine 
Complement of the Re/idual Arc x RE 
| K 0 
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So is the Sine Complement of the leſs given Side, to the Sine 
Complement of the Side required; That is, 

As Radius -- S. c. Angle CAD : : T. Side AC. T. Fourth Arc, 
As S. god. -- S. 59deg. 14min. : : S. 34d. ohm. T. 30d. 11m, 
which being ſubtracted from the Side AD - . - - 65d. 20m. 

The Remainder is the Reſidual Arc - - = - - - 35d. ogm. 
| Then, 
AsS.c.4thArc. -- S. c. Reſid. Arc. : : S. c. Side AC. .. S. c. Side CD. 
As S. 50d. 40m. S. 54d. 51m. :: 55d. 54m. . S. 51d. 34m. 
whoſe Complement 38d. 26m. is the Side CD required. 
Note; When the contained Angle, and Reſidual Arc, are 
each more, or leſs than go Degrees, the Side ſought is leſs than 
a Quadrant; but when one is more, and the other leſs, 'tis more 
than a Quadrant. | 
7 Problem 10. Caſe q and 10. 


Two Angles and one Side between them given. 
70 find | 1. Either of the other Sides ? 
of 2. The Angle oppoſite to the given Side? 

Example. In the Oblique Spheric Triangle ACD, there is given, 

(Angle ACD 131d. 34m. } Side AC, or 
The Angle ADC 27d. 3om. {Side AD, and requires 

Side CD 38d. 28m. J Angle CAD ts 

This Triangle is made by Problem 19. of Spheric Trigonometry 
Geametric, in Page 130. See Plate 4. Fig. 10. 

For the Side AC or AD, the Proportion by Axiom 3. Part 1. 
and 2.) is thus; d. m. „ Mm. 

Angle ACD 131.34. | The Side CD 38.28. 

Angle ADC 27.30. | The Half is 19.14. d. m. 


Sum of Angles 159.04. : 7 Sum 79.32. 7; 10.28 
Difference is 104.04. [ Thet Diff. 52.02. my 37.58 
As S8. 2 Sum Ang. . S. c. 2 their Diff, : : T. 2 Side CD. T. 4 Diff. Sides 
As S. 79d. 32m... 8. 52d. ozm. : : T. 19d. 14m. T. 15d. 38m. 
3 ; Then again, 
As S. c. 2 Sum Ang, . S. c. z their Diff. : : T. 4 Side CD. T. Sum Sides 
As S. 10d 28m. . S. 37d. 58 m.:: T. 19d. 14m. +» T. 409d. 45m. 
To it add the half Difference found above - - - - 15d. 38m. 


The Sum is the greater Side ? 65d. 23m. 


And being ſubtracted, is the leſs Side AC - - 34d. 07m. 
Note; If the Sum of the two given Angles exceed 180 De- 
grees, then ſubtract each given Angle from 180 Degrees, and 
proceed with thoſe Remainders as with the Angles given ; the 
Operation will produce each required Side's Supplement to a Se- 
micircle, or 180 Degrees. 0 | 

3 For 
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For the Angle CAD, the Angle oppoſite to the given Side, the 
Proportion (after the Werk is done) may be by Axiom 1. Or 
from the Catholin Propoſition (by a Perpendicular ſuppoſed to be 
let fall from the greater given Angle to its oppoſite Side) thus; 

As Radius is to the Sine Complement of the interjacent Side; 
ſo is the Tangent ot the leſs given Angle, to the Tangent of a 
Fourth Arc. ; 

Then, if the interjacent Side be more than a Quadrant, ſub- 
tract the Fourth Arc from the greater given Angle; but when 
'tis leſs, from the Supplement thereof to 180 Degrees, the Re- 
mainder is the Reſidual Arc; Then, 

2. As the Sine Complement of the Fourth Arc, is to the Sine. 
Complement of the Reſidual Arc; | 

So is the Sine Complement of the leſs given Angle, to the 
Sine Complement of the Angle required. That is, 

As Radius ++ S. c. Side CD : : F. Angle ADC. T. 4th Arc, 

As S. god. S. 51d, 32m. :: T. 27d. 3om. +» T.22d, 11m, 
which ſubtract from (Suppl. of the Angle ACD) 48d. 26m. 


The Remainder is the Reſidual Are 26d. 15m, 
Then, | 
S. e. 4th Arc, ++ S. c. Refid. Arc.:: S. c. An ADC. S. c. An. CADreg. 
S. 67d. 49m. . S. 63d. 45m. :: S. 62d. 3om. . S. 59d. 13m. 
whoſe Complement 30d. 4.7m. is the Angle CAD required. 


| Nite; When the interjacent Side and Reſidual Arc are each 
more or leſs than god. the Angle ſought is Acute; but when 
one is more, and the other leſs, it is Obtuſe. 


Problem 11. Caſe 11. Three Sides given, to find any of the Angles, 


Example, Plate 4. Fig. 11, 
In the Oblique Spheric Triangle ACD there is given; 


AD 65d. 20m. ACD, or 
The Sel CD 38d. 26m. | Angle 5 ADC, or 
AC 24d. o8m. CAD required ? 

This Triangle made by Problem 20, of Spheric Trigonomatry 
Geometric, in Pages 130 and 131. 

The Reſolution of this, and the following Caſe depends upon 
the 4th Axiom; and for the greater Diſpatch, obſerve the fol- 
lowing Directions, viz. 

I. Add the three Sides together, and from their half Sum ſub- 
tract the Side oppoſite to the Angle required, noting the Re- 


mainder, 
K 2 2. To 
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2. To the Complement Arithmetic of the Logarithmic Sines 
of the containing Sides, add the Logarithmic Sines of the half 
Sum and the Remainder; Half the Total of theſe four Loga- 
rithms is the Logarithmic Sine of Half the required Angle's Sup- 
plement to 180 Degrees. 


my Operation for the Angle ADC, is thus; 
m. 


? 1 S. co. ar. o. 20648 
Side J AC 34 083 The containing Sides 8. CO. ar. noe ox 


AD 65 20| Sum Sides 68d. 57m. S. 9.970006 


Sum is - 137 54 | Remainder is 3d. 37m. S., —— 8.799897 
HalfSumis 68 57 | Sum of the four Logarithms is 19.227 334 


Remain. - 3 37 | 24d. 15m. S. 3 Sum 9.613667 
Double it - - - - - 24d. 14m. 
The Sum is - - - - 48d. 3om. 


Which ſubtract from 180d. oom. 


Remainder istheAngleACD1 31d. 3om. 


In like Manner you may find any other Angle by Logarithms. 
Or thus, 


By Gunter's Scale, /ay, 
1. As Radius, is to the Sine of one the containing Sides; 

So is the Sine of the other containing Side, to a Fourth Sine, 
Then, : 
2. As that 4th Sine, is to the Sine of the half Sum of the three 
Sides; ſo is the Sine of the Remainder to a fifth Sine; againſt 

which on the Line of verſed Sines is the Angle required, 

That is, 
As Radius . S. Side CD:: S. Side AC., a Fourth Sine. 
As S. god. . S. 38d. 26m. : : S. 34d. 08m. ++ S. 20d. 25m. Then, 
As Fourth Sine . S. & Sum Sides : : S. Remainder -- a Fifth Sine. 
As &. 20d. 25m. . S. 68d. 57m. :: S. 03d. 37m. -- $.09d. 43m. 
againſt which on the Line of the verſed Sines, is 131d. 30m. the 
Angle AC as before. | 


Problem 12. Caſe 12. The Angles given; to find a Side, 
Example. Plate 4. Fig. 12. 
In the Oblique Spheric Triangle ACD; there is given, 
ACD god. 47m. CD, or 
The Angle ADC 27d. zom. 5 The Side AC, or 
CAD 131d. 34m. AD, required ? 


This Triangle is made by Problem 21, of Spheric Trigonometry 
Geometric, in Page 131, 


This 
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This Caſe is likewiſe perform'd by the Directions in Caſe 11, 
the Angles being accounted Sides, and the Sides Angles; and 


then taking the Supplement of the greateſt (given) Angle to 189 
Degrees. 


For he Side AD, the Operation is thus ; 
d. m. 


Sup. Ang.CAD 48 26 { S. co. ar. 0.125992 
baue 0 ADC 25 30 The adjacent Angles | S. co. ar. 0.335594 
8% AC 3o 47 [1 Sum Ang. 53d. 21m. S. - - 9.904335 


Sum is - - 100 43 | Remainder 22d. 34m. S. 9.584058 


Half Sum is - 53 21 | Sum of the four Logarithms is 19.949979 
Remainder - 223414 70.44 S. half Sum 9.974989 
Double it - - - - - - 70.44 
The Sum is - - - - 141.28 Which 
Subtract from - - 180. oo 


Remainder is theSideAD 38.32 


In like Manner may any other Side be found by Logarithms, 
Or thus, 


By Gunter's Scale. 


1. As Radius to the Sine of one of the adjacent Angles (to 
the Side required) fo is the Sine of the other adjacent Angles, to 
a Fourth Sine. . 

2. Then, as the Fourth Sine is to the Sine of the half Sum 
of the three Angles; fo is the Sine of the Remainder to a fifth 
Sine; againſt which, on the Line of verſed Sines, is the Side 


required 
That is, 


As Radius -+S. Sup CAD : : S. Angle ADC -- a Fourth Sine, 
As S. god, «+ S. 48d. 26m. :: S. 27d. 30m. ++ S. 20d. 13m, 


Then again, 
As Fourth Sine -- S. Sum Angles : : S. Remainder -+ a Fifth Sine. 
AsS,26d. 13m... S. 53d. 21m. :: S. 22d. 34m. ++ 65d. oom. 
Againſt which, on the Line ot verſed Sine, is + 38d. 32m. 
the Side AD, as above, 


Note; When the greateſt Side CD, {which ever is oppoſite 
to the greateſt Angle) is required, the Operation will produce 
the Supplement thereof to a Semi-Circle ; wherefore, if it be 
ſubtracted from 180d. it leaves the Side ſought; Or (ty the 


K 3 Logaritams) 
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Logarithms) if you omit this Part of the Operation, (viz. the 

Subtraction from 180 Degrees) you have the Side required, 
So much for the Doctrine of Spheric Triangles ; the Appli- 

cation follows. N ä | 


— 
* 


— 
12 


CHAPTER N. 
Containing the Deſcription and Uſe of the Globes. 


H Aving finiſhed Spheric Trigonometry, it remains to ſhew its 
Uſes in Geography, Great Circle Sailing, and Aſtronomy, 
In order to the perfect Underſtanding of theſe, it is requiſite firſt 

to be acquainted with the Nature and Ule of the Giobes, which 

- _ endeavour to perform with Brevity, and as cleaily as poſ- 
ible, - | 


Section I, The Deſcription and Uſe of Globes in General, 


Definition 1. A Globe (as to its Name and Figure) is ſo gene- 
rally known, that it is needleſs here to produce 
a Mathematical Definition of it; but as to the Kinds of Ma- 
| _ HR and their Parts, it is neceſſary ſomething ſhould 
e ſaid, = 4 OE 
2. The Kinds of Globes are two; Terreſtrial and Celeſtial, 
which, together with their Appurtenances, are for the lively Re- 
preſentation of the Natural Situation and Poſition of the Earth 
and Heavens, and are uſeful for the demonſtrating (by Repre- 
ſentation and Reſolution of) any Problem belonging to the 
Sphere of Heaven, or Earth, either in Geography, Navigation, 
or Aſtronomy. e 
3. The Appurtenances appertaining to Material Globes are 
Six ; the Body or Globe itſelf, Brazen Meridian, Quadrant of 
Altitude and its Screw, Hour-Circleand Index, Wooden Frame 
or Horizon ; and Braſs Semi-Circle of Poſition ; all may be uſed 
with either Globe; yet the laſt being of leaſt Uſe may be ſup- 
plied by the Quadrant of Altitude, | 1 ? 
4. The Body, or Globe itſelf, is an Emblem of Heayen, or of 
Earth; on which are drawn divers Lines and Circles, uſeful 
and proper for the Explication thereof. ; ; 
5. The Brazin Meridian, is the Ring in which the Globe 
hangeth, and turneth upon its Axis, being two Wires iſſuing 
from its Body; and is divided into four Quadrants, each go De- 
grees, and figured 10, 20, 30, &c. to 90. 1 
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The Quadrant of Altitude is a narrow thin Slip of Braſs with 
a Notch, Nut, and Screw at one End; it is divided into god. 
which by Rotation deſcribes the Almicanters or Circles of 
Altitude, and the Edge repreſents an Azimuth Circle, 

7. The Hour Circle is a flat Ring of Braſs, ſo contrived, that 
it may be took off, and fixed about either Pole of the Globe; it is 
divided into 24 Hours of a Natural Day ; each Hour is divided 
into Halves and Quarters, to this belongs an Index having a 
round Hole at one End, to fix it on the Axis of the Globe. 

8. The Wooden Frame or Horizon, is circular and flat, in 
which the brazen Meridian doth move through two Notches di- 
ametrically oppoſite, and alſo in a third Notch made in a Central 
Piece of Wood or Brafs at the Bottom of it : On the upper Part 
is a Calendar ; ſhewing the Day of the Month, Sun's Place in 
the Ecliptic, the Rumbs, or Points of the Compaſs, &c. 

9. The Semi-Circle of Poſition, is a Semi- Circle of Braſs ; the 
upper Side is divided into 180 Degrees; it ferveth to meaſure 
Dittances either on the Terreſtrial or Czleſtial Globe. 


Section II. The Deſcription and Uſe of the Terreſtrial Globe. 


T HE Terreſtrial Globe hath on the Superficies of its Body, 
the whole Form and Faſhion of the Earth and Sea, deicri- 
bed; with the Circles of the Sphere, as Equator, Meridians, 
Tropics, c. | 

In order to a clear Underſtanding the Uſe of this Globe, ob- 
ſerve theſe following Geographic Definitions. 

1. The Earth, together with the Sea, compoſeth that round 
Body called the Orb or Globe of the Earth, which is circum- 
ſcribed by Lines Real, and Imaginary. + 20] 

2. The Real Lines are ſuch as agree with the Terreſtrial Globe 
by Nature, and fo divide it into Continents, Iflands, and Seas: 
'The-[maginary Parts are ſuch as are applied to it by Virtue of our: 
Underſtanding; and not being materially ſuch, are only ſuppoſed -. 
to be on the Earth Theſe imaginary 7 are either ſtrait or 
Circular, a 

3. The Axis, is a ſtrait Line imagined to paſs through the 
Center of the Earth, the extream Points are the Poles on which 
the World is ſuppoſed to move; one called the Artic or North 
Pole; the other the Antartic or South Pole; tis repreſented by 
the Wires on which the Globe turneth. 74 

4. The Circular Lines arc either greater, as the Meridians, 

orizon, Equator; or leſs, as Tropics, Polar Circles, Paral- 


lels of Latitude. : 
K 4 5. Me- 
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5. Meridian, is a Circle paſſing through the Poles of the 
Earth, the Zenith and Nadir; croſſeth the Equator at Right 
Angles, and divideth the Earth into two equal Parts; one Eaſt, 
the other Weſt: It is fo called, becauſe when the Sun cometh 
t the Meridian of any Place, 'tis then Noon, or Mid- day there; 
they are infinite in Number, for all Places from Eaſt to Weſt 
kave their ſeveral Meridians. 

Of theſe, one is called the Firſt, or Chief Meridian, from 
which the Longitude of Places is reckon'd ; 'tis of ſpecial Note 
and Uſe, but variouſly placed by Geographers; 'tis frequently 
repreſented on the Globe by a double Line paſſing through the 
Poles, and is diyided into twice go Degrees, numbered from the 
Equator towards each Pole, ending in go Degrees. 

I The Horizon, is that Circle which comprehendeth all that 
Space of the Earth which is viſible, and diſtinguiſheth it from 
that (lying under the Horizon) which is inviſible, it is either 
Senſible or Rational. 

The S:nfible. Horizon, is that apparent Circle, which extends 
itſelf quite round about us, dividing the Heavens and Earth into 
two unequal Parts; and being limited by the Sight, is ſometimes 
greater or leſs, according to the Situation of the Place. 

The Rational Horizon, is a Circle dividing the Heavens and 
Earth into two equal Parts, whoſe Poles are the Zenith and Na- 
dir: By this Circle our Days and Nights are meaſured, and the 
diverſe Riſings and Settings of the = Moon, and Stars, do 
appear: It is repreſented on the Globe by the upper Part of the 
Wooden Frame. 


Nate; The Meridian and Horizon, are moveable with the 
Mutation of Places, 


7. The Equator, is a Circle under the Equinoctial in the Hea- 
vens. compaſhng the Earth in the Middle between its two Poles, 
dividing it into two equal Parts, called the Northern and South- 
ern Hemiſpheres ; from it the Latitudes of Places are reckoned, 
either North or South: This Circle is repreſented on the Globe 
by a double ar treble Line, divided into 350 Degrees, are num- 
bered 10, 20, 30, Cc. from the Left hand towards the Right, 
till it end in 360 Degrees; but upon the modern Globes, gradu- 
ated from the firſt Meridian, both Ways, 10, 20, 30, Cc. until 
mow Graduations meet in 180d, at the oppoſite Part of the Me- 
ridian. 

This Circle is ealled Equator, becauſe when the Sun comes 
to it, which is twice a Year, (viz. about the 21k of March, at 

| his 
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his Entrance into Aries ; and again into Libra, about the 23d. 

of September) he makes equal Days and Nights throughout the 

World; and upon it is wrote in Capital Letters, Linea ſub Ægui- 
nocliali, or Linea Æguinoctialis. 

8. The Leſs Circles deſcribed on Globes, are called Parallel 

Circles, ſome of which have particular Names, as Tropics, and 

Polar Circles. 

9. The Tropics are two, being parallel to the Equator and 
diſtant from it 23d. 29m. That on the North Side of it is called 
the Tropic of Cancer, at which the Sun hath its greateſt North 
Declination ; then making to us (and all Places in North Lati- 
tude) the longeſt Day, and ſhorteſt Night ; which-is abaut the 
21ſt of June; the other on the South Side, is called the Tropic 
of Capricorn, at which the Sun hath his greateſt South Deelina- 
tion, making then our ſhorteſt Day and longeſt Night, which is 
about the 22d of December ; theſe Tropics have their Names 
thus, Tropicus ſub Cancro, and Tropicus ſub Capricorno. 

10. The Polar Circles are two, being alſo. parallel to the 
Equator, and compaſling the Poles of the World, at 23d. 29m. 
Diſtance ; that about the North Pole is called the Artic Circle, 
and the other the Antartic Circle, and are wrote thus, Circulus 
fub Artico Polo, and Circulus ſub Antartico Polo. 
' Theſe Tropics and Polar Circles divide the Globe of the 
Earth into five Parts, called Zones, of which three were ac- 
counted by the Antients to be fo intemperate as to be uninha- 
bitable, theſe Zones are called Torrid, Frigid, and Temperate ; 
that is, one Torrid or burning Zone, two I emperate, and two 
Frigid or Frozen Zones. 


11. The Torrid Zone, is all that Space of Earth and Sea, 
waich Jayeth between the Tropics of Cancer and Capricorn. 


12. The two Temperate Zones, are contained between each 
Tropic and a Polar Circle. 


13. The two Frigid Zones, are contained between each Polar 
Circle and its Pole; that is, one within the Axtic Circle, and 
the other encompaſſed by the Antartic. 


Thus much of the imaginary Lines, and Parts of the Earth: 
The real Parts are Earth and Water, in general divided into 
four Parts or Quarters, called Europe, Afia, Africa, and America; 
each of theſe, and conſequently the whole Globe, is divided inta 
Continents, Iſlands, and Seas. 

14. A Continent is a great Quantity of Land, not divided by 
the Sea, wherein are ſeveral Empires, Kingdoms, and Countries 

c onjoined 
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Tonjoined ; as Europe, Aſa, and Africa, is one Continent, and 
America is another. ; | 

15. An Iſland, is a Part of the Earth that is environed or en- 
compaſſed round by the Sea; as Great- Br:tain, and alſo Ireland, 
&c. are Iſlands. 

In Continents, and Iſlands, are theſe Parts obſervable, wiz, 
Peninſula, Iſthmus, and Promontory. 

16. Peninſula, is ſuch a Part of Land as is almoſt environed 
round with Water. and is joined to the Land by an Iſthmus, as 
the Morea in the Levant. ' 
17. An I[/thmus, is a narrow Neck of Land between two Seas, 
which joineth the Peninſula to the Continent, as Corinth in 
Greece. | 
18. A Promontory, is a high Hill, Mountain, or Cape of Land 
that ſhooteth itſelf into the fa, as Cape de Verde, and the Cape 
of Good Hope in Africa. 

19. A Place, in reſpe& to the Heavens, is either Eaſt, Weſt, 
North, or South. - | 

Theſe Places are ſaid to be Eaſt, which lie in the Eaſtern 
Hemiſphere (terminated by the firſt Meridian) or where the 
Sun riſeth. 

And thoſe are Weſt, which lie Weſterly of the faid Meridian, 
or towards the Setting of the Sun. 

Thoſe Places are properly North, which lie betwixt the 
Equator and the Artic Pole. 

And thoſe Places are South, which lie betwixt the Equator 
and the Antartic Pole. 

But according to general Acceptation, Places are ſaid to be 
North or South, according as they are ſituate to the Northward 
or Southward of the Equator, even to each Pole. 

The Ancients have divided the Inhabitants of the Earth into 
Pericau, Antiæci, and Antipodes. | 

20. The Pericc:, are ſuch who live under the ſame Parallel, 
but in oppoſite Points of it; that is, they are in the ſame Lati- 
tude, but their Difference of Longitude is 180 Degrees, 

21. The Antizc, are ſuch as have the ſame Meridian, and 
equally diſtant from the Equator, but the one North and the 
other South; that is, two Places in one Longitude, and each in 
equal, but contrary Latitudes. 

22. The Antipedes, are ſuch as inhabit two Places of the Earth, 
which are diametrically oppoſite ; that is, two Places whoſe 
Difference of Latitude and Difference of Longitude are each 
180 Degrees, and ſuch walk Feet to Feet. | | Ta 

| he 


— ̃ ——k—) econ — — 5 


Set. II. The Uſe of the Terreſtrial Globe. -155 


The Earth, belag encompaſſed by Water, whoſe Waſhings 
in ſurrounding the dry Land, cut out and ſhape many winding 
Bays, Creeks, and meandring Inlets, giving Terminations to the 
Four Regions of the Earth, and extending itſelf round them all, 
is but one continued Ocean. Wherefore, - 

The Water, is either Oceans, Seas, Straits, Creeks, Lakes, 
Rivers, Bays, &c. — 

23. The Ocean, is a general Collection, or Rendezvous of all 
Waters. daſs 

24. A Sea, is a Part of the Ocean, to which we muſt fail 
through ſome Straights ; as the Mediterranean or Baltic Sea. 

25, A Strait, is a narrow Part of the Ocean, tying betwixt 
two Shores, and opening a Way into ſome Sea ; as the Straits 
of Gibralter, that leads into the Mediterranean Sea; and the 
Sound, which leads into the Baltic Sea. 

26. A Creek, is a ſmall narrow Part of the Sea, or River, that 
goeth up but a little Way into the Land. | ; 

27. A Bay, is a great Inlet of the Land, as the Bay of Biſcay, 
and the Bay of Mexico; otherwiſe a Bay is a Station, or Road 
for Ships to anchor in. | | 2 

28. A River, is a ſmall Flux of Water flowing within the 
Land, courting the Banks, whilſt they their Arms diſplay, to 
embrace her Silver Waves. . 
209. A Lake, is that which continually retains and keeps 

Water in it; as the Lake Zair m Africa, and Lake Nicaragua 
in America. 8 

30. A Guiph, is an Inlet of Land, deeper than a Bay, as 
the Gulph of Venice, the Gulph of Florida; in which are ſwift 
and rapid Currents. e 


U 
Of the Names of the Ocean. 

31. The Ocean, according to the four Quarters, had- four 
Names; as the Eaſtern or Oriental Ocean; the Maſtern or Oc- 
cidental Ocean; the Northern or Septentrional; and the Southern or 
Meridional Ocean: But beſides theſe, it hath other particular 
Names according to the Continent it boundeth, and the Nature 
of the Sea; as it lies extended towards the Eaſt, it is called 
the Chineſe Sea, from the adjacent Country of China: Towards 
the South, it is called Oceanus Indicut, or the Indian Sea: Where 
it waſheth the Coaſts of Perſia, it is called Mare Perſicum: In 
ike Manner Mare Arabicum from Arabia; and ſo towards the 
Weſt, it is the Ethiopian Sea, _ 2 
An 2 1 8 Then 
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Then the Atlantic Ocean, from Atlas, a Mountain in Africa; 
but near to America, it is called by the Spaniards, Mear-del-Nort , 
_— on the other Side of America, it is Mar-del-Zur, or Mare 

aci ſicum. | 

here it touches upon Spain, it is Oceanus Hiſpanicus, by the 
Engliſh, the Bay of Biſcay ; between England and France it is called 
the Engliſh Channel; between England and Ireland, the Iriſh 
Sea, or St. George's Channel ; between England and Holland, by 
ſome the German, but rather the Britiſh Ocean; Northward of 
Scotland, it is called Mare Caledonium ; more Northerly it is the 
 Hyperborean, or Frozen Sea; more Eaſterly, it is the Tartarian 


Sea, or Scythian Ocean, &c, Thus much for the Names of the 
Ocean. Next, 


Of the Names of the Seas. 


32. The Baltic Sea, by the Dutch the Ogſt Zee, lying between 
Denmark, Sweden, and Germany, whoſe Entrance is called the 
Sound, The Mare Mediterraneum, by the Engliſh, the Straits; by 
the Spaniards, Mar-dil-Levant, the Entrance whereof is called 
the Straits of G:bralter : Then Pontus Euxinus, or the Black Sea, 
to which joins Palus Metis, now Mar- del. Zabeche : Then the 
Caſpian, or Hircanean Sza : Then the Arabian Gulf, Mare Ru- 
| * or the Red Sca: And the Perſiun Gulf, or Gulf de Elcatiff, 

c. 1 
| Of the Diviſion of the Earthly Globe. 


The Globe of the Earth (as was ſaid before in Def. 13.) 

is divided into four Parts, viz. Europe, Aſia, Africa, America. 

34. Europe is bounded towards the North by the Northern 
Ocean, or Frozen Sea; on the South by the Mediterranean Sea, 
lying betwixt it and Africa; on the Eaſt with the River Tanais; 
and on the Weſt by the Weſtern or Ailantic Ocean; whoſe 
chief Provinces are, : 

Paland, Muſeovia, Sweden, Norway, 

Dermark, Germany, France, Spain, 

Partugal, Italy, Hungary, Sclavonia, 

Greece, Dalmatia, Romania, Part of Tartaria. 


The principal Iſlands are, 
Great-Britain, reland, Sardima, Sicih, 
Corſica, Candia, MNegropont, Cyprus. 
235. Aſia, is bounded on the North with the Northern, and 
artarean Ocean ; on the South with the Arabian Gulf, or 
ed Sea; on the Eaſt with the India Ocean; and on the Weſt 
with the River Tannis. 


The 
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Turky in 4, Arabia, Tartaria, Perſia, 

Natalia, 15 Meſopotamia, Aſyria, Chaldea, 

Syria, Armenia, Paleſlina, Georgia, 

Media, Parthia, Ghina, India. 
The principal Iſlands are, 

Japan, Sumatra, Bornea, & c. in the Oriental Ocean. 


Cyprus, Rhodes, in the Mediterranean. 

Metelino, Fan Samos, &c. in the Archipelagus. | 

36. Africa is bounded on the North with the Mediterranean, 
on the Eaſt with the Red Sea, on the South with the Athiopic 
or Southern Ocean, and on the Weſt with the Atlantic Ocean. 


The principal Provinces are, 


E Oe Barbary, - Monomatapa, 

Deſerts of Zara, Negroland, Biledulgerid, 

Nubia, Guiney, _ Ethiopia, or Abyſſinia, 
Its Iflands are, 

The Canary Iſlands, Cape de Verde Iſlands, 

The Ifles of Azores, MAedeira Iſlands, 

St. Thomas, Madagaſcar, or St. Lawrence, 


Malta, in the Mediterrantan, St. Helena. 


37: America is bounded on the North with the Northern 
Ocean, on the Eaſt with the Atlantic Ocean, on the South with 
the Magellanic Sea, and on the Weſt with the South Sea, or Mar. 
del-Znr: Itisdivided into two Parts, viz. Mexicana and Peruana, 

Mexicana or North America hath theſe Provinces ; 

New Spain, Terra Florida, Carolina, Virginia, and 

Maryland, Penfilvania, New Ferſey, New-York, | 

New-England, New- France, Nova Scotia, Greenland, whe- 

ther Continent or Iſland is not yet known, 

, The chief Iſlands of Mexicana are, | 
Ifland, or Iceland, Newfoundland, Bermudas, California, this laſt 
by the lateſt Accounts ſeems to be a Peninſula, 

Peruana, or South America, hath theſe Provinces ; 


Terra Magellanica, Brazilia, Chili, the Amazonica, Guiana, Peru, 
Panama, Carthagena, Perague, or Rio-de-la-Plata, 
The principal Iflands of Peruana are, | 
Terra del Fuego, Hiſpaniola, Cuba, Famaica, Porto Rico, Bahama, 
Bermudas, Barbadoes, and the reſt of the Caribber Iſlands, &c. 


Molugue or Molucca Iſlands, Java Majur, Java the leſs, and 
many other Iſlands in the EA Indies. | 


Having 
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Having deſcribed the Lines and Circles, and the Parts belong- 
ing to the Terreſtrial Globe, the Uſes of all take in the follow- 
ing Problems. 


Problem 1. To find the Latitude of any Place upon the Globe. 


The Rule. Bring the propoſed Place juſt under the Braſs 
Meridian, and note what Degree (on the ſaid Meridian) ſtands 
againſt it, which is the Latitude thereof. Or thus, 

With a Pair of Compaſſes, take the neareſt Diſtance from the 
propoſed Place (on the Globe) to any Parallel of Latitude, and 
lay it on the graduated, or firſt Meridian from the ſaid Parallel, 
the ſame Way the propoſed Place lieth from it, the other Foot 
ſheweth the Latitude required, 


Example. Let it be required to find the Latitude of the Lizard 
in England ? 

Turn the Body of the Globe till the Lizard be juſt under the 
Braſs Meridian, and you'll find 49d. 57m. right againſt it, which 
is the Latitude of the Lizard. r thus, | 

Take the neareſt Diſtance (on the Globe) from the Lizard to 
any Parallel of Latitude; apply the ſame to the graduated Me- 
ridian, and it ſheweth the Latitude 49d. 57m. as before, 

Note, All thoſe Circles on the Globe, which are parallel to 
the Equator, are called Parallels of Latitude. 


Problem 2. To find the Longitude of any Place on the Globe. 


The Rule. 1. Turn _ before) the Globe 'till the propoſed 
Place lies juſt under the Braſs Meridian, and there keep it ſteady, 

2. Then obſerve what Degree of the Equator lieth under the 
Braſs Meridian, and that's the Longitude required. 


Example. I demand the Longitude of the Lizard in England. 


Bring the Lizard under the Braſs Meridian, and then the 
Braſs Meridian cutteth the Equator, in 19d. 12m. the Longi- 
tude required. 


Note. The Globes formerly made in England began Longitude 
at the Meridian of the Iſland of St. Michael, one of the Weſtern 
or Azore Illes, which is Weſt from the Meridian of London, 
according to the Mariner's Compals Rectified, and alſo the 
Mariner's Calendar, 24d. 26m. 

And accordingly the Lizurd's Longitude is 5d. 14m. Weſt 
from London: This Difference in the Longitude of Places, is 
occaſioned by the different Beginnings of Longitude by different 
Authors, waich the Student is deſired to conſider. 
R Problem 
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problem III. To find the Diſtance of any two Places on the Globe, 


The Rule. 1. Lay the Beginning of the Degrees on the Qua- 
grant of Altitude, upon one of the propoſed 5 

how many Degrees on it are contained between both Places, 
which is the Diſtance required. 

2. Thoſe Degrees being multiplied by 60 for Nautic, and 70 
for Geographic Miles, the Product is the Diſtance in Minutes. 
Or thus, | | 
Take the Diſtance between the two Places with a Pair of 
Compaſſes ; then meaſure that Diſtance on the Equator, count- 
ing the Degrees intercepted between both Feet, and it will ſhew 
the Diſtance required, 


Note, The Diſtance found by this Preblem, is the ſhorteſt 


Diſtance ; or their Diſtance in the Are of a Great Circle, which 


is leſs than their Diſtance in the Rhumb, leading from one to 

the other; except both Places he under one Meridian, or in 

the Equator. * 

Example. I demand the Diflance between the Lizard and the 
Iſland of Barbadoes. 

If you lay the Edge of the Quadrantof Altitude on both Places, 
and the Beginning of the Degrees of it on one of the Places, you 
will find on the Quadrant of the Altitude 57 Degrees intercepted 
between them, which is the Diſtance z and being multiplied by 
60 or 70, gives 3420 Nautic, or 3990 Geographic Miles, 


Problem 4. To find the Angle of Poſition of Places ; that is, the 


Angle, the Arc of a great Circle, paſſing over two given Places, 
makes with the Meridian of either of them. 


The Rule. 1. Rectify the Body of the Globe to the Latitude 
of one of the given Places, 


2. Bring the ſame Place under the Braſs Meridian, and there 
ſtay the Body of the Globe. 

3. Screw the Quadrant of Altitude faſt on the Braſs Meridian, 
rizht over the ſaid Place, | 

4. Then lay the graduated Edge of the Quadrant of Altitude 
to the other Place, and the ſaid ę doe will cut the Horizon in the 


Degree of Poſition required, reckoning from the neareſt Meri- 
dian. 


Example. Let it be required to know the Angle of Poſition of 
| Barbadoes from the Lizard 


I. Bring the Lizard to the Brafs Meridian, and there reſting 


the Body of the Globe, you will find the Latitude of the Lizard 
to be 49d. 57m, 


laces, and count 


1 LD Won Oe ͤͤ--!ͤ —_ — 


— . —— nb r — 
— > = Sm \ * = 


166 The Uſe of the Terreſrial Globe. Chap. VI. 


2. Move the Braſs Meridian (keeping the Body of the Globe 
fixed as before) higher or lower, until 49d. 57m. on it doth cut 
the Horizon (on the North-ſide thereof,) then is the Globe 
rectified to the Latitude of the Lizard: The like you muſt do 
in reRtifying the Globe for any other Place, or Latitude. 

3. Screw the Quadrant of Altitude to 49d. 55m. on the Braſs 
Metidian, which is juſt over the Lizard, (if the Glabe be not 
returned from its Poſition as in the firſt Step hereof,) and turn the 

raduated Edge of it to Barbadoes, the ſaid Edge will point on the 
Florizon to 69 Degrees South Weſterly; which is the Angle of 
Poſition of Barbadoes from the Lizard; that is, the Angle, the 
Arc of a Great Circle, paſſing through or over the two Places, 
makes with the Meridian of the Lizard, which is not the Rumb, 
leading from the firſt to the ſecond; for, if you rectify the Globe, 
to the Latitude of Barbadoes, and ſo proceed as before directed, 

will find the Angle of Poſition to be 38 Degrees North 
Eaſterly, the Poſition of the Lizard from Barbados, which is 31 
Degrees leſs than the Poſition of Barbadves from the Lizard; 
whereby it appears neither of theſe are the true Rumb, or Point 
of the Compaſs leading from one Place to the other: For you 
are to Note; | 

1. That the Rumb-lines, or Points of the Compaſs, make 
equal Angles with all Meridians on the Globe. 

2. That an equal Segment, or part of the ſaid Rumb, chang- 
eth, or altereth the Latitude in all Places equally. 

3. That the Rumb-lines, though continued ever ſo far, do 
not paſs into or through the Poles, but wind about them till 
they loſe themſelves. 

4. TheſeRumb-Lines are repreſented upon the Globe by thoſe 
Spiral-Lines, which you ſec are 32 in Number, meeting in a 
Center, where there is a Flower de- Luce pointing to the North; 
from thence oy run winding about the Globe, and continue 
inclining towards the Pole, where they ſeem confuſed. 


Problem 5. Two Places being given; to find their Rumb, Bearing, 
or Courſe in Sailing from one to the other, 


The Rule. 1. Having found the two Places on the Globe, ſee 
what Rumb-Line paſles through both of them, and that is the 
Rumb, or Courſe from one to another. 

2. If no Rumb-Line paſs through both Places, then obſerve 
that which runneth Parallel to both Places, and that is the Rumb, 
or Courſe from one to the other. 


Example. 
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Example 1. I demand the Courſe from the Lizard to Cap 
Cod in New England? : 1 . 

On the Globe you will find theſe Places to lie on the W. by 
S. and E. by N. Rumb Line, and therefore the Courſe from the 
Lizard to Cape Cod, is W. by S. and conſequently from Cape Cad 
to the Lizard E. by N. | | | 

Example 2, I demand the Courſe from the Lizard to the 
Iſland of Barbadoes? 

Here no Rumb Line on the Globe paſſeth over them; where- 
fore look for a Rumb to which the Place lies moſt parallel, and 
you'll find it S. W. half W. the Courſe from the Lizard to Iſland 
Barbadoes ; and NE. half E. from Iſland Barbadoes to the Lizard. 


Problem VI. Courſe and Diftance ſailed being given; to find the 
! Difference of Latitude, and Difference of Longitude, 


The Rule. Make a ſmall Mark on that Rumb-Line (which 
is the given Courſe) in the Latitude of the Place you ſail from, 
bring that Mark to the Braſs Meridian, and it cuts the Equator 
in its Longitude, 5 

2. Take the Diſtance ſailed from the Equator, and lay it on 
the ſaid Rumb, from the aforeſaid Mark; at the Termination ' 
thereof making another Mark. | | 

3. Then bring this Second Mark to the Braſs Meridian, which 
is the Latitude of that Place; and then the Meridian cuts the 
Equator in the Longitude of it. 

4. Having the Latitude and Longitude of thoſe two Places 
marked in the Rumb Line, by Subtraction you may find their Dif- 
ſerence of Latitude and 2 of Longitude, and it is done. 


Example. Suppoſe a Ship ſails S. W. by W. 200 Leagues, or 
10 Degrees from the Lizard: I demand her Difference of Latitude, 
and Difference of Longitude ; or what Latitude and Longitude fhe 1s 


in? 


1. Make a Mark on the S. W. by W. Rumb, juſt under 49d. 
57m, the Lizard's Latitude) and then the Meridian cuts the 
Equator in 5d. 14m. W. the Longitude of that Mark. 

2. Take 10 Degrees from the Equator, and jay it on the SW. 


8 by W. Rumb, from the Firſt Mark to the Second Mark. 

c 3. Bring the ſecond Mark to the Braſs Meridian, and the La- 
titude of it 44d. 40m. the Latitude the Ship is in, and in the 

e Equator the Longitude of it is 17d. 50m. W. by Subtraction the 

„ Diff. of Lat. is 5d. 17m. and Diff. of Long. is 12d. 45m; Longi- 
tude in this, and all the ſucceeding Problems being eſtimated 

b. from the Meridian of London. But here you muſt note: x: 


I. That 
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That, The Diſtance failed intirely taken, and laid on the 

umb, is the Diſtance in the Arc of a Great Circle, and not 
really in the Rumb; for the Diſtance in the Great Circle is al- 
ways leſs than the Diſtance in the Rumb: Wherefore, the better 
Way will be to take 1, 2, 3, or (or ſome ſmall Number of) De- 
grees of the Equator, and run that Diſtance (in the Compaſſes) 
over, upon the Rumb Line rom the Firſt Mark to the Second; 
and in ſo doing, the Diſtance is more truly laid, then by taking 
it at once. 


| Problem VII. Beth Latitudes and Courſe given; to find the Diſ- 
tance and Difference of Longitude. 


The Rule. 1. Turn the Body of the Globe till the given Rumb 
doth cut the Braſs Meridian in the Latitude you depart from, 
and there make a Mark on the Rumb, and at the ſame Time, ſee 
what Degree of the Equator is cut by the Meridian ; for that is 
the Longitude of this Mark. . 

2. Turn the Body of the Globe *till the ſame Rumb cuts the 
Meridian in the Latitude of the ſecond Place, and there making 
another Mark on the Rumb ; then ſee what Degree of the Equa- 
tor is cut by the Meridian, which is the Longitude of the ſecond 
Mark; and the leſs Longitude ſubſtraded from the greater, gives 
the Difference of Longitude required, | 

3- The Diftance between the two Marks on the Rumb Line, 
being meaſured (according to the Note in the laſt Problem) on 
the Equator, gives the Diſtance of the two Places. 


Example. If a Ship fails SW. by W. from the Lizard, till 
by Obſervation ſhe in Latitude 44d. 40m. North; I demand her 
Dittance failed, and what Longitude ſhe is in ? 


1. Bring the SW. by W. Rumb to cut the Meridian in 49d. 
57m. the Lizard's Latitude, and make a Mark on that Rumb 
there, then the Meridian cuts the Equator in 5d. 14m. W. the 
Longitude of that Mark. 

2. Turn the Globe 'till the SW. by W. Rumb cuts the Me- 
ridian in 44d. 40m. the Latitude of the ſecond Place, and make 
there a Mark on the Rumb; then the Meridian cuts the Equa- 
tor in 17d. 59m. W. the Longitude of the ſecond Mark; arid 
therefore the Difference of Longitude is 12d. 45m. Welt; 
which being added to the Longitude of the Lizard, 5d. im. W. 
the Sum is 17d. 59m. W. the Longitude the Ship is in. 

3. Take 2 Dezrees from the Equator, and run over that 
Diſtance in the Compaſſes upon the Rumb, from the Ln 

Mark 
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Mark to the Second, and 'tis five Times, which is 10d; or 200 
Leagues, the Diſtance ſailed on that Rumb. 


Problem VIII. Having the Latitude, and Longitude the Ship is in, 
given; to find the Place where ſhe is, on the Globe. 


The Rule. 1. Bring the Longitude to the Braſs Meridian, 
and there ſtay the Body of the Globe. 

2. Where the given Latitude cuts the Globe, make a Mark 
on the Body of the Globe, which Mark is the Place of the Shi 
at that Time. 6 


Example. If a Ship fails S. W. ly, from the Lizard, and after 
ſome Time is in Latitude 44d. 40m. Longitude 17d. 50m. W. 
I demand the Place of the Ship on the Globe? A 


1. Bring 17d. 50 m. W. on the Equator to the Braſs Meri» 
dian, and there ſtay the Globe. | 

2. Juſt under 44d. 40m. N. on the Braſs Meridian, make a 
Mark on the Body of the Globe, and that is the- Place of the 
Ship at that lime, 


Section III. The Deſcription of the Celeſtial Globe, 


T” HE Cwle/tial Globe repreſents that glorious Canopy, fo richly 
embroider'd, and beſet with thoſe ſparkling Diamonds, that 
upon the duſky Cheeks of the Night hang as rich Jewels in an 
Atbiopian's Ear; having upon its Convexity artificially placed 
all the Star's, correſpondent to their Natural Situation in the 
Concavity of the Orb, which we call the Starry Heavens. 


2. The Appurtenances belonging to this, are the ſame with 
thoſe belonging to the Terreſtrial Globe; and being before de- 
Icribed in Section I. of this Chapter, I refer you to it, 


3. On the Body of the Globe, beſides the Confſte!lations, 
there are drawn diverſe Circles; as the Equine&ial, Ecliptic, 
Colures, Meridians, and Circles of Longitude: All theie are called 
Great Circles. The lefler Circles are the Tropics, Polar Girgles, 
and Parallels of Declination. 


4. The Eguinsctial in this, is the ſame with the Equator in 
the Terreſtiial Globe, and in the ſame Manner divided, and 
aumber'd from the Lett-hand towards the Kight, with 10, 20, 
30, c. to 3þo Degrees. 

The Poles of the Equinoctial are alſo called the Poles of the 
World, and are repreſented by the two Wires on which the Body 
af the Globe turneth. | 1 

a 2 


5. The 
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5. The Ecliptic is a great Circle which ,crofſeth the Equi- 
noctial in two oppoſite Points, the Beginning of Aries, and 
Libra; it is divided into twelve (equal Parts called) Signs, each 
containing 30 Degrees, and figured from the Left-hand towards 
the Right, 10, 20, 30; then 10, 20, 30, &c. having the Figure, 
Character, and Name of each Sign, as followeth; 


Aries V Libra os ; 
Taurus & | | Scorpio . | | 
—— — Northern Signs — 5 = Southern Signs. 
Leo & Aquarius ts 
Virga in Piſces * 


This Circle with its Figures and Characters, are on both 
Globes; but the Cceleſtial hath the Images and Names of the 
—_— which the Terreſtial hath not. 

nder this Circle the Sun moves in his Annual Courſe ; but 
the reſt of the Planets have their Deviations from it ; for which 
Reaſon Aftronomers have aſſigned eight Degrecs on each Side 
the Ecliptic, making the whole Latitude to be 16 Degrees, which 
Breadth is called the Zodiac. 

The Zodiac is not drawn on the Clobe, only imagined by two 
Circles parallel to the Ecliptic, at eight Degrees Diſtance from 
it, on each Side thereof, : 

'The Poles of the Ecliptic, are two oppoſite Points, each 23d. 
29m. diſtant from its correſpondent Pole of the World: In theſe 
the Circles of Longitude all meet, and near each is wrote Polus 
Eclipticus, ; 

6. The Meridians are the ſame as before on the Terreſtrial 
Globe, only with this Difference, on this they are drawn thro” 
every 3oth Degree of the Equinoctial, on that through every 
15th Degree of the Equator ; in both they all meet in the Poles 
of the World. | | 

7. The Coluret, are two Meridians, cutting each other at 
Right-angles in the Poles of the World, dividing the EquinoCtial 
and Ecliptic into 4 cqual Parts; the one paſleth thro' the Be- 
ginning of Aries and Libra, the two Equinoctial Signs; there- 
fore called the EquinoCtial Colure; and on the Globe it is di- 
vided into Degrees, numbered from the Equinoctial both V/ ays, 
10, 20, 30, Sc. ending in go at each Pole of the World: It 
generally hath theſe Words near it, Colurus Eguinoctiorum. 


The 


Singing of the twelve Signs. 
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The other paſſeth through the Beginning of Cancer and Ca- 


pricorn, the two Solftitial Signs, therefore called the Solſtitial 


Colure: This paſſeth through the Poles of the World, and Poles 
of the Ecliptic: It is diſtinguiſhed on the Globe by theſe Words, 
Colurus Solftitiorum, | 

8. The Horizon is a great Circle go deg. giſtant from the Ze- 
nith and Nadir, cutting all Azimuth Circles at Right-Angles, 
and dividing the World into two equal Parts, the upper and viſi- 
ble Hemiſphere, and the lower and inviſible : It is repreſented 
by the upper Side of the wooden Frame, on which is a double 
Calendar of Months and Days, according to the Old and New 
Stile, with the Winds or Points of the Compaſs, and a Circle of 
Signs with their Degrees. 


The Zenith, and Nadir, are two Points diametrically oppo- 
ſite, and are the Poles of the Horizon: the Zenith is the Ver- 
tical Point, or Point over Head; the Nadir is directly oppoſite 
thereto, 


9. The Azimuths or Vertical Circles, are Great Circles inter- 
ſect.ng each other in the Zenith and Nadir, and cutting the 
Horizon at Right-Angles; theſe Circles are not drawn on the 
Body of the Globe, but are repreſented by the Quadrant of Al- 
titude when it is ſcrew'd in the Zenith. 


10. Circlet of Longitude, are great Circles interſecting each 
other in the Poles of the Ecliptic, and cut it at Right-Angles: 
Theſc are repreſented by che Quadrant of Altitude when it is 
{crew*d over the Poles of the Eciiptic ; and on the Body of ſome 
Globes 12 of theſe Circles are drawn, paſſing through the Be- 


Thus much for the great Circles. | 


. The Deſcription of the Leſs Circles. SE 
Leſs or Small Circles, are thoſe which divide the Globe into 


two unequal Parts, and when parallel to ſome great Circle, are 
called Parallels Circles, and are of three Kinds, viz. Parallels 
of Declination, Parallels of Altitude, and Parallels of Latitude. 


11. Parallels of Declination, are parallel to the Equinoctial, 
imagined to paſs through every Degree and Minute of the Meri- 
dian, between the Equinoctial and each Pole of the World, and 


are the ſame with the Parallels of Latitude on the Terreſtrial 


Globe, 
The Tropics and Polar Circles, are Parallels of Declination, and 
the ſame as before in the Deſcription of the Terreſtrial Globe. 
L 3 12, 


| 
| 
| 
; 
; 
| 
1 
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12. Almicanters, or Parallels of Altitude, are parallel to the 
Horizon, imagined to paſs through every Degree and Minute of 
an Azimuth Circle, and alſo of the Meridian of a Place, between 
the Horizon and the Zenith of that Place : Theſe are deſcribed 
by the Diviſions or Graduations on the Quadrant of Altitude in 
its Motion about . Body of the Globe, when it is ſcrewed in 
the Zenith of any Place. 

13. Parallels of Latitude, are ſmall Circles parallel to the 
Ecliptic, imagined to paſs through every Degree and Minute of 
the Colures, or any Circle of Longitude, berween the Ecliptic 
and the Poles thereof : Theſe are repreſented by the Diviſions of 
the Quadrant of Altitude in its Motion round the Body of the 
Globe, when it is ſcrewed over the Poles of the Ecliptic. 

Havingdeſcribed the imaginary Citcles of the Cœleſtial Globe, 
we proceed now to the Deferiptlon of the Stars, thoſe glorious 
Diamangs, ſparkling in the immenſe Expanſion of the Firma- 
ment, encircling the Terreſtrial Orb at unmeaſurable Diſtances, 
which for Multitude ſeem innumerable, yet the greateſt and 
mote viſible may be numbered and named: And for this Purpoſe 
Aſflronomers (for Order and Method-ſake) have reduced many 
Stars into one Image or Conſtellation, the better to know where 
to find them ; and being found, how to expreſs them. 

134. The Number of Conſteliations commonly drawn on the 
Body of the Cœleſtial Globe, are 66, and are as followeth ; 


The Northern Conſtellations are 23, Viz. 


Stars Num. Stars Num. 

1. Urſa Minor — 9112. Auriga — 14 
2. Urſa Moor — 3313. Serpentarius — 23 
3. Draco 23814. Serpens — 14 
4. Cepheus 1115. 41a ——Xü(1̃p:ͥũ 5 
5. Bootes 22 | 16. Aguila —— g 
6. Corona Borealis —— 817. Animonus —— — 7 
7. Hercules — 3018. Delphinus — 10 
8. Lyra — 10} 19. Eguuleus — 5 
9. Olm, or Cygnus 27 | 20. Pegaſus — 23 
10. Caſſiopeia- — 2321. Andromeda — 23 
11. Per ſus, and Caput 222. Triangulum — 3 
Aleduſee | 7 23. Coma Berenices 11 

In al! 383 


The 


eee ee ele <> © 
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The Zodiacal Conſtellations are 12, viz. 


Stars Num. Stars Num, 
1. Aries — — 16] 7. Libra — 10 
2. Taurus — 328. Scorpio — 26 
3. Gemini —— 24 | 9. Sagittarius ———— 29 
4. Cancer — —— 1610. Capricornus' ——— 21 
. Leo mmm 33 | 11. Aquarius 34 
4 Virgo 39} 12. Piſces ———- 24 
In all 314 

The Southern Conſtellations are 30, viz. 
Stars Num, Stars Num, 
1. Cetis mmm mpe 26 | 17. Columbus 10 
2. Orion — — 2g | 18. Piſces Auflrin—— 11 
3. Flumen Eridanus —— 43 | 19. Crus — 13 
4 Lepus E * 13 | 20. Phenix —— — 1242 
5 Canis major ——— 1321. Indus — 12 
b. Cants minor, or Canicula 222. Pavo 16 


7. Argo Navis ————— 42 23. Avis Indiaca, Touchan 7 


8. Robur Corolinum — 11 | 24. Apus muſca — 2 
9. Hydra — 27 | 25. Chameleon ———— 10 
10. Crater ä —ñ— 8 26. 7 riangulum Auſtral 5 
11. Corvus ————— 7 27. Piſcis Volans-— 7 
12. Centaurus — 30 28. Dorado, Piſcis Auratus 7 
13. Lupus —— 22 29. Ap s, Anſer Americanus 10 
14. Croſera, ar Crofiers — 5 30. Hydra, Serpens Auſirina 10 
15. Ara, or the Altar 8 | 
16. Coronq Auſtring —— 10 In all 439 


The Sixty-ſixth Conſtellation (lying near the Urſa Major,) was 
acded by Sir Charles Scarborough, and called Cor Cureli, being one 
Star in a crowned Heart, and compleats a Catalogue of x1 37 fixed 
Stars as above: But this Number is now largely increaſed by the 
Obſervation of our modern Aſtronomers, as may be ſeen in the 
Flamſtedian Catalogue, which contains about 3500, forming ſe- 
veral new Aſteriſms, and are diſtinguiſhed into ſix Degrees of 
Magnitude, or Bigneſs: T he biggeſt, and brighteſt are called 
Stars of the firſt Magnitude; thoſe next inferior in Bigneſs and 
Brightneſs, are Stars of the Secand Magnitude, &c. unto Stars 
of the Sixth Magnitude. Theſe ſeveral Magnitudes are expreſſed 
on the Globe in their ſeveral Forms, as may be ſeen in a little 
Table placed on the Globes, and intitled Siellarum Magnitudines, 

L 4 Sea, IV, 
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Sect. IV. The Uſe of the Cœleſtial Globe. 
PeEfore the working of any Problem on this Globe, it will be 


. neceflary to explain ſeveral Technical Terms made uſe of 
in Atronomy and Geography, as contained in theſe following 
Definitions. | 

1. Aliitude, is an Arc of an Azimuth Circle, contained be- 
tween the Hcrizon and any Parallel of Altitude: Tis counted 
on the Braſs Quadrant of Altitude, which repreſents any Azi- 
muth Circle on the Globe. 

2. Aſcenſion, is the riſing of the Sun or Star, or any part of 
tie Equinoctial above the Horizon; and Deſcenſion is the Set- 
ting thereof. | 

3. Right Aſcenſion, is an Arc of the EquinoCtial, intercepted 
between the Beginning of Aries, and any Meridian, and counted 
according to the Order and Succeſſion of the Signs; or, 'tis that 
Degree and Minute of the Equinoctial, (counted as before) 
which cometh to the Meridian with the Sun, Star, or with any 
Point of the Heavens, „ 

4. Oblique Aſcenſion, is that Degree and Minute of the Equi- 
noctial, (counted as before) which riſeth with the Center of the 
Sun, or Star, or with any Point of the Heavens; and Oblique 
Deſcenſion is the Setting thereof. | | 

5. Aſcenſianal Difference, is the Difference between the Right 
and Oblique Aſcenſion, or Deſcenſion ; or, it is the Space of 
game the Sun Riſeth, or Setting before, or after Six of the 

ock, 

.6. Amplitude, is an Arc of the Horizon comprehended be- 
tween the true Eaſt or Weſt Points of it, and the Center of the 
Sun, or Star, at their Riſing or Setting. | 

7. Azimuth, is an Arc of the Horizon contained between the 
Meridian of the Place, and an Azimuth Circle paſſing through 
the Cœleſtial Object. | | | 

8. Declination, is an Arc of the Meridian, comprehended be- 
tween the EquinoCtial, and the Center of the Sun or Star, or any, 
Point of the Heavens: It is North Declination on the North 
Side of the Equinoctial, but South Declination when on the 
South Side thereof; and is counted on the Braſs Meridian on the 
Globe, or on the Equinoctial Colure. 5 | 
9. Hour of the Day, or Night, is an Arc of the Equinoctial 
contained between the Meridian of the Place, and another Meri- 
dian paſſing through the Center of the Sun at any Time; This is 
counted on the Braſs Hour Circle, which is divided into the 24. 

1 35 ð 
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Hours of the Day and Night, and hath a little Braſs Index 
pointing to them as the Globe is turned about ; or it is counted 
on the Equinoctial, Reckoning 15d. to an Hour. 

10. Latitude of a Comet, Planet, or Star, is an Arc of a 
Circle of Longitude contained between the Ecliptic and the 
Comet, Planet, -or Star's Center; this is counted on the Braſs 
Quadrant of Altitude, when ſcrewed over the Pole of the 
Ecliptic, for then it repreſents a Circle of Longitude, | 

11. Latitude of 2 Place, or Latitude upon the Earth, is an Are 
of the Meridian of that Place, cbntained between the Equator and 
that Place; equal to which, is the Height of the Pole (of the 
World) above the Horizon. This is counted on the Braſs Me- 
ridian of the Globe; or may be counted on the graduated Meri- 
dian on the Body of the Globe. a | 

So that Latitude in the Heavens, and Latitude on the Earth, 
are different Things; one being an Arc of a Circle of Longitude, 
and applicable to all Cœleſtial Objects except the Sun, which 
hath no Latitude; the other an Arc of a Meridian, and appli- 
cable to Places on the Earth. | | 

12. Longitude in the Heavens, is an Arc of the Ecliptic, com- 
prehended between the Beginning of Aries, and that Circle of 
Longitude which paſſeth through the Center of the Sun, Star or 
any Point of the Heavens, and counted according to the Succeſ- 
ſion of the Signs. 

13. The Place of the Sun, or of a Star, with reſpect to the 
Ecliptic is the Sign, (and Degree, and Minute of that Sign) 
the Sun, or Star is in. | 

14. Longitude of any Cœlęſtial Objef, from the neareſt Equi- 
noctial Point is how many Degrees and Minutes, the Sun or 
Star is from the Beginning of Aries or Libra, either before or 
after them ; which can never be more than 180 Degrees. 

15. Longitude on the Earth, is an Arc of the Equator, com- 
prehended between the Meridian of any Place, and that Meri- 
dian where Longitude takes its Beginning. 

So that Longitude in the Heavens, and Longitude on the Earth 
are very different ; one being an Arc of the Ecliptic, the other 
an Arc of the Equator. 3 

16. Meridian of a Place, is that Meridian which paſſeth over 
the Zenith of that Place; to which when the Sun cometh, tis 
either Noon or Midnight ; at the firſt, he is at his higheſt Al- 
titude above the Horizon; and at the laſt, he is at the loweſt 
Depreſſion for that Natural Day, "a 
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In like Manner, any Star or Planet coming to the Meridian of 
any Place, is then at the higheſt Altitude, or loweſt Depreſſion. 
| eſe Things being well conſidered, the following Problems 
will be the better underſtood. 


Problem 9. Thr Day of the Month given; t find the Sun's Place 
in the Ecliptic. 


The Rule. 1. Seek the Day of the Month, (in either Ac- 
count, according to the Julian or Gregorian, as you find them 
placed in the Calendar) on the upper Side of the Horizon, 

2. Right againſt it, in the innermoſt Circle, is the Sign, De- 
gree, and Minute, the Sun will be in that Day at Noon. 


Example. The 8th Day of January in the Julian, or the 19th 
the Gregorian Account, I demand the Sun's Place in the Eclipuc? 


Right againſt the 19th of January, in the Gregorian Calendar, 
in the innermoſt graduated Circle, are 29 Degrees of Capricorn, 
in which Sign and Degree the Sun will be on the ſaid 19th of 
22 New Style, or the 8th of January, Old Style; tho 
ike Method to be obſerved far any ather Day. | 


Problem 10. How to reftify the Globe for any Latitude, and to make 
it fit for Uſe at any given Time. 


The Rule. 1. The Globe being placed in the Frame, by putting 
the Braſs Meridian into the two Notches, that are in the North 
and South Parts of the Horizon, ſo that the graduated Sidethereof 
be towards the Eaſt, and the North Pole towards the North Part 
of the Horizon, the Globe alſo reſting in the Notch, that is in 
the Bottom of the Frame ; move the ſaid Meridian higher or 
lower, till the given Latitude in it doth juſt touch the upper Part 
of the Horizon, on the North Side thereof, if North Latitude; 
but the South Side, when South Latitude. 

2. Place the Braſs Hour Circle about the Pole, ſo that the 
Hours of 12 and 12 lie directly over the graduated Side of the 
Braſs Meridian; and put the little Index on the Axis, ſo that 
it may move about freely as you turn the Globe; then doth the 
upper 12 on the Hour Circle repreſent 12 at Noon, and the lower 
72 at Midnight; and all the other Figures, the correſpondent 
Hours of the Day and Night. 

3. By Problem g. Find the Sun's Place according to the given 
Time; then ſeek the Sun's Place in the Ecliptic, on the Body 
of the Globe, and bring that Degree tothe Meridian; there ſtay 
the Globe, and then turn the little Index till ie points juſt at 
the upper 12 in the Hour Circle. 

Thus, 
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Thus is the Globe reQify'd to the given Latitude, and the Hour 
Circle and Index to the given Time, viz. the Noon of that Day. 


Example. At London the 19th of January, New-Stile, I would 
have the Globe rectified fit for Uſe. | 

1, Move the Braſs Meridian 'till 51d. 31m. thereupon, juſt 
touch the North Part of the Horizon. 

2. By Problem 9. The Sun's Place 1s 29d, in yp, which 
being found in the Ecliptic on the Globe, bring it to the Braſs 
Meridian, and there reſting the Globe, turn the little Index to 
the upper 12 in the Hour Circle ; and fix it ſo, that it may move 
freely with the Globe, and *tis done, 


Problem 11. The Day of the Month given; to find the Sun's De- 


clination. 


The Rule. 1. By Problem 9. Find the Sun's Place in the 
Ecliptic, on the Wooden Horizon, 

2. Bring the Sun's Place (in the Ecliptic, found by Prob. 10. 
on the Globe) to the Braſs Meridian, on which, and right 
over the Sun's Place is his Declination required, 

Example. The 19th of January, New-Stile; I defire to know 
the Sun's Declination ? 

1. The Sun's Place in the Ecliptic, for the 19th of January, 
(found by Problem 9g.) is 29 Degrees in W. | 

2. Bring 2gi. in „y (in the Ecliptic on the Globe) to the 
Braſs Meridian, and then right over jr (on the Braſs Meridian) 
- 20d. 20m. which is the Sun's Declination, South decreaſing. 

r thus, 

1. With a Pair of Compaſſes take the neareſt Diſtance from 
the Sun's Place in the Ecliptic 29d. in M, to the Equinoctial 
on the Globe, 

2+ Meaſure that Diſtance on the Equinoctial Colure (if gra- 
duated) and it ſheweth the Declination 20d. 20m. as before. 


Prodi em 12. The Day of the Month given; to find the Sun's Right 
Aſcenſion. 
The Rule. 1. As before, find the Sun's Place in the Ecliptic, 
by Problem . 
2. Bring the Sun's Place (as is directed in Problem 11.) to the 


Braſs Meridian; look what Degree of the Equinoctial is cut by 


it, and that is the Sun's Right Aſcenſion required. 

Example, The 19th of January; I demand the Sun's Right 
Aſcenſion, 

1. The 19th of January; his Place in the Ecliptic is 29d. in 
M, by Problem g. 7 ; | i 
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2. His Place of 29d. in M, being brought to the Braſs Meri- 
dian, it cuts the Equinoctial in 301d. 3om. the Sun's Right 
Aſcenſion. ; 


Problem 1 3. The Latitude of 4 Place, and the Day of the Month 


given, to find the Time of the Sun's Riſing, Setting, and his Am- 
plitude. 


| The Rule. 1. Rectify the Globe (by Problem 10th, fit for 
ſe) according to the given Latitude and given Time. 


2. Bring the Sun's Place in the Ecliptic (on the Globe) down 
to the Horizon on the Eaſt Side thereof, and then the little Index 
will point to the Sun's Riſing in the Hour Circle; and the Body 
of the Globe ftayed there, look what. iDegices of the Hoiizon 
(counted from the Eaſt Point thereof) ſtandeth right again his 
Place (in the Ecliptic on the Globe) and that is the Sun's Am- 
plitude at his Riſing. | 
In like Manner, turn the Globe till you bring the Sun's Place 
to lie even with the Welt Side of the e Le flaying the Body 
of the Globe there ; then will the Index point to his Setting, and 
ainſt his Place on the Globe, ſtandeth his Amplitude {on the 
orizon) counted from the Weſt Point thereof. 


Example. The 19th of January at Landon: I demand the 
Time of the Sun's Riſing and Setting, and his Amplitude! 


1. The Globe being elevated to the Latitude of 51d. 31m. 
bring 29d. in M, to the Braſs Meridian, and fix the Index at 


the upper 12, then 'tis rectified to the given Latitude, and given 
Time, | 


2. Bring 20d. in M to the Eaſt Side of the Horizon, and 
ſtaying the Globe there, the Index points to 7 Hours 3 Quarters; 
that is, 3 Quarters after 7 is the Sun's Riſing ; and againit 29d. 
in WM, is 33d. 50m. on the Horizon, (from the Eaſt towards 
the South) which is the Sun's Amplitude at Riſing. 

In like Manner turn the Globe 'till you bring 29d. in M, to 
the Weſt Side of the Horizon, and the Index points to a Quarter 
after 4, which is the Sun's Setting; and in the Horizon you have 
his Amplitude (the ſame as before) 33d. om. from the Welt 
(towards the South) which is the Sun's Amplitude at Setting. 


Problem 14. The Latitude of a Place, and the Day of the Month 
given, to find the Sun's Oblique Aſcenſion and Deſcenſion? 


The Rule, 1. Rectify the Globe to the given Latitude, and 
find the Sun's Place in the Ecliptic for the given Time. 


2. Bring 
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2. Bring the Sun's Place in the Ecliptic on the Globe, to the 
Eaſt fide of the Horizon, and then ſee what Degree of the Equi- 
noctial is cut by the Horizon, and that is the Sun's Oblique 
Aſcenſion. 

3. In like Manner bring the Sun's Place in the Ecliptic to the 
Weſt ſide of the Horizon, and it ſheweth his Oblique Deſcenſion. 

Example. The 6th of February, New-Stile, at London; 1 
demand the Sun's Oblique Aſcenſion and Deſcenſion? | 

1. Rectify the Globe to the given Latitude 51d. 31m. accord- 
ing to Problem 10. | 4 

2. Bring 17d. zom of *x (the Sun's Place for the 6th of Fe- 
bruary) to the Eaſt Side of the Horizon, and then it cuts the 
Equinoctial in 340d. 20m. which is the Sun's Oblique Aſcenſion. 

3. Bring 17d. 3om. of xx to the Weſt Side of the Horizon, it 
cuts the Equinoctial in 299d. 15m. which is the Sun's Oblique 
Deſcenſion. | | 


Prob. 15. The Latitude of a Place, and Day of the Month given; 
to find the Sun's Altitude, and Azimuth at any Time of the Day. 


The Rule. 1. Rectify the Globe and Hour Index, as before, 
in Problem 10. 
2. Screw. the Quadrant of Altitude in the Zenith; which I 
—_ rectifying the Quadrant of Altitude to the Latitude of the 
lace. 
3. Turn the Globe till the Index point to the given Hour of 
the Day, and there ſtay the Globe. : 
4. Move the Quadrant of Altitude, *till the graduated Edge of 
it lies juſt on the Sun's Place in the Ecliptic on the Globe, and 
there flay it. - 
5. Look what Degrce on the Quadrant of Altitude is againſt 
the Sun's Place, and that is the Sun's Altitude. 
6. Look what Degree of the Horizon is cut by the graduated 
Edge of the Quadrant of Altitude, counted from the North, or 
from the South, and that is the Sun's Azimuth. 


Example. On the 21ſt of December, in the Latitude of 20d. 
11m. N. at half an Hour paſt Nine in the Morning: I demand 
the Sun's Altitude, and Azimuth? | 

1. The Globe being rectized (by Problem 10.) turn it about 
*tili the Hour Index points to half an Hour after 9 in the Mern- 
ing, and there ſtay the Body of the! lobe. 

2. Screw the Quadrant of Altitude on 20d. 11m. (on the Brafs 
Meridian) which is the Zenith, or Diſtance of that Place from 
the Equinoctial. 

Note; 
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Note; In ſcrewing the Quadrant of Altitude on the Braſs Me. 
ridian you mult put the Screw Side of the Notch, on the Back. 
fide thereof, and put it cloſe down; To cloſe to it, that the thin 
Plate may be as near the Body of the Globe as poſſible ; yet ſo 
as not to obſtruct its Motion. WO 
© Alfo mind that you ſet the ſloped Edge of the Notch to the 
Latitude of the given Place. 

3. Bring the graduated Edge of the Quadrant of Altitude, to 
the firſt Scruple of M, the Sun's Place (for December the 2 iſt in) 
the Ecliptic, and then on the Quadrant of Altitude (againft it) 
is 34d. 15m. his Altitude at Half an Hour paſt Nine of the Clock 
in the Morning. 

' 4. And the 38 of Altitude cuts the Horizon in 44d. 
nearly from the South Eaſtward, which is the Sun's Azimuth at 
the ſame Time. 


Prob. 16. The Latitude of a Place, the Day of the Month, and Sun's 
Altitude given ; to find his Azimuth, and Hour of the Day ? 


The Rule. 1. Rectify the Globe, Hour Index, and Quadrant 
of Altiude, as before. 

2. Turn the Body of the Globe, and at the ſame Time move 
the Quadrant of Altitude, till you bring the Sun's Place to the 
Ecliptic to lie juſt under his Altitude on the Quadrant; there 
Kay them both. 

3. Then will the graduated Edge of the Quadrant point out 
the Azimuth in the Horizon from the North, or South ; and 
the Index ſheweth the Hour of the Day. 


Example. At London the 11th of Auguſt, in the Forenoon, the 
Sun's Altitude being 11d, 3om. 1 demand his Azimuth, and 
Hour of the Day ? 


1. The Globe being Rectified to the Latitute of London, 5 1d. 
im. N. alſo the Hour Index placed at Noon with 18d. 42m. iu 
A, the Sun's Place for the 13th of uguf?, brought under the 
Meridian, and the Quadrant of Altitude ſcrewed an the Zenith. 
2. Then move the Globe and Quadrant of Altitude, 'till you 
bring 11d. 20m. on the latter to lie juſt over 18d. 42m, of M ia 
the Ecliptic, and there ſtay them both. 

3. Then doth the Quadrant of Altitude, lie right againſt 8od. 
In the Horizon, from the North towards the Eatt, and the Sun's 
Azimuth, is near about E. by N, 

4. And then the Hour Index points to h Hours, neatly, that is, 
Six of the Clock in the Mating. | 
5 | Problem 
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Problem 17. The Latitude of a Place, the Day of the Month, and 
Sun's Azimuth given; to find his Altitude, and Hour of the Day? 


The Rule. 1. Rectify the Globe, Hour Index, and Qua- 
drant of Altitude, as before. 

2. Turn the Quadrant of Altitude, to the given Azimuth, 
in the Horizon, and there ſtay it. 

3. Then bring the Sun's Place in the Ecliptic (keeping the 
Quadrant of Altitude fixed) tothe graduated Edgethereof,) which 
is alſo before ſet to his e Azimuth; and ſtay the Globe there. 

4. Then doth the Ecliptic cut the Quadrant in the required 
Altitude, and the Index ſheweth the Hour of the Day deſired. 


Example. At Barbadoes the 17th of Oftber, the Sun's Azi- 
muth in the Afternoon, being S. V. half M. or od. 3om. South. 
Weſterly ; I demand his Altitude, and Hour of the Day? 


Anſw. Obſerving the aforeſaid Directions, and turning the 
Globe, and Quadrant of Altitude towards the Weſt, you will 


find the Sun's Altitude to be 55d. 45m. and the Hour of the Day 
44m. after 1 in the Afternoon. 


Problem 18. The Latitude of a Place, the Sun's Altitude and Azi- 
muth given; to find his Place in the Ecliptic, and Hour of the 
Day? ä 
The Rule. 1. Rectify the Globe to the Latitude, and ſcrew 

the ogy of Altitude in the Zenith. 

2. Turn the graduated Edge of the Quadrant of Altitude ta 
the given Azimuth, in the Horizon, and there ſtay it. 

3. Turn the * of the Globe (without ſtirring the Quadrant 
out of its Place) 'till the Ecliptic cut the Quadrant in the given 

Altitude; which will then cut the Ecliptic in the Sun's Place 

required. 


4+ Then turn the Sun's Place to the Braſs Meridian, and 
rectify the Hour Index to 12. 

5. Turn back the Sun's Place to the graduated Edge of the 
Quadrant (it being in the ſame Place, that 1s, at the given 


Azimuth as before) and then the Index will ſhew the Hour of 
the Day required, 


Note; In turning the Globe according to the third Step In 
this Rule, the given Altitude in the Quadrant will cut the 
Ecliptic in two ſeveral Signs, and yet the Hour of the Day ſought 
by the fourth Step, will be the ſame ; ſo that unleſs the _ 


* 
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be given (and the Day of the Month too, if very near the 
Solftice) the Sun's Place cannot be determined, 

Example. At London, the 19th of June, the Sun's Altitude 
being 49d. 40m. and his Azimuth S. God. 15m. Zaflerly, 1 
demand his Place in the Ecliptic, and the Hour of the Day ? 

* Anſwer. The Sun's Place is nearly 28d in N, and it is 29m. 
after q in the Morning, the 19th of June at London: Alſo the 
Sun's Altitude and Azimuth being the ſame, his Place may be 
about 2d. in gs, and yet the Hour the ſame, on the 23d of 
June, by the Method lee in the 4th and 5th of laſt Directions. 

Note; All theſe Problems may be wrought, having the Sun's 
Declioation given, inſtead of the Day of the Month, as may be 
ſeen in the next Problem. i 


Problem 19. The Latitude of a Place, the Declination and Altitude 
F the Sun given; to find the Azimuth and Hour of the Day? 


The Rule, 1. Rectify the Globe to the given Latitude, and 
the Quadrant to the Zenith as before. | 

2. Bring the Equinoctial Colure to the Braſs Meridian, and 
then ſet the Hour Index to the upper 12; which is rectifying the 
Globe when the Declination is given. 
3 Move both Globe and Quadrant of Altitude, *till the given 
Altitude on the latter meet with the given Declination in the 
Equinoctial Colure on the former, and there ſtay them both. 

4. Then doth the Quadrant cut the Horizon in the Sun's 
Azimuth, and the Index ſheweth the Hour of the Day required. 
Alſo at the ſame Time, the Braſs Meridian cuts the EquizoQial 
in ſo many Degrees (counting from the Colure, allowing 1 5d, 
to an Hour) as the required Hour of the Day is, either before 
or after Noon. 


Example. At London, the Sun's Declination being 15d. 15m. 
North, and his Altitude 11d. 3om. in the Morning : 1 demand 
his Azimuth and Hour of the Day ? 


Anſtwer. The Sun is E. by N. and the Hour near about Six 
o' Clock, or god. of the Equinoctial are intercepted between the 
Equi noctial Colure and Braſs Meridian; which makes 6 Hours 
from Noon, at which Time the Sun is Weſt in the Afternoon. 

In like Manner may any of the preceding Problems be 
wrought, obſerving the dee hu, ee Directions. 

1. Count the Latitude on the Braſs Meridian. - 

2, The Declination on the Colure from the EqinoCtial, 
either Northward or Southward, according to its Name, 

3+ The Altitude on the Quadrant of Atitude. 


4. The 
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4. The Azimuth on the Horizon, from the Braſs Meridian to 
the Quadrant of Altitude. | 


5. And the Hour (from Noon in Degrees) on the Equinoctial, 
from the EquinoCtial Colure to the Braſs Meridian. 

Then having any three of theſe Five given, the other two 
may be found, which I leave for the Learner's Exerciſe, 

Note; All the foregoing Problems, may be wrought on either 
Globe; but the following only on the Cœleſtial Globe. 


Problem 20. To find the Declination and Right Aſcenſion of any 
fixed Star. 


The Rule. f. Bring the given Star to the Braſs Meridian, 
and there ſtay the Globe, | 


2. Then the Center of the Star cuts the Braſs Meridian in it's 
Declination, counted from the Equinoctial either Northward, or 
Southward. 220 ü 

3. And the Braſs Meridian cuts the Equinoctial in it's Right 


Aſcenſion, counted from the Beginning of Aries, according to 
the Succeſſion of the Signs, 


Example. I demand the Right Aſcenſion and Declination of 
Aldebaran, or Oculus Tauri, the Bull's-Eye. 


Anſwer, According to the Direction above, you will find it's 


—— Aſcenſion 65d. 25m, and it's Declination near 15d. 59m. 
Orth- 


Problem 221. To find the Latitude and Longitude of a Star. 

The Rule. 1. Bring the Solſtitial Colure to the Braſs Meri- 
dian, ſo that the Pole of the Ecliptic on the Globe may be juſt 
under 23d. 29m. on the ſaid Meridian, and there fix the Body 
of the Globe. 


2. Screw the Quadrant of Altitude juſt over the Pole of the 
Ecliptic. 


3. Bring the graduated Edge of the ſaid Quadrant to the Cen- 
ter of the Star, and there ſtay it. 

4. Then the Star cuts the Quadrant in it's Latitude, and the 
Quadrant cuts the Ecliptic in it's Longitude. 


Example, I demand the Latitude, and Longitude of Ar Furus, a 
Star of the firſt Magnitude in the Conſtellation Bootes ? 


Anfwer, This Star's Latitude is 30d. 57m. N. nearly, and it's 
Longitude 20d. 24m. in Libra, or 200d. 24m. from the Begin- 
ning of Aries; and ſo for any other, as in the following Table. 


Stars 
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<] Longi- Declinz | 
S'ars Names. = | tude. Latitude. tion, 
| . ME; D. MHD. M. 
Pole Star, or Nor. Stai] 24 26.0506. 55 N 38.00 N 
Laſt in Eridanus Al- | 

carnar - = = - 11 11.1459. 19 8 58.30 8 

Whale's Jaw, Cœtus 28 10. 3012.37 8 33.06 N 

Bull's Eye, Aldebatarſ] iu $5.58} 5 30 5 5.59 N 
Capella, or Auriga's} | 31 
Leſt Shoulder - - iN 18.02[22.52 N $4.42 N 
Orion's Leſt Foot, Rige | iH 12. 0003110 8 08.30 8 
Orion's Right Shoulde | 1] 17.03|[16.51 8 07.20 N 
areat 1)opg Syrius — 8 10.19 39.32 8 16.24 8 
Little Dog, Procyon —| 1] 22.00j15.58 8 11. 340 50 N 
Hyd:a's Heart, Alpharc] i[ N 23.28022.24 8 07.36 8 
Lyon's Heart, Regulu 1]ÞY 25 56/00. 27 N 148.47 3.10 N 
Foot of the Croſiers — 2, 08.8 52.45 8 61-44 8 
Virgin's Spike - + - -| 1] 29. ooo. 02 S 198. o 309.5 1 8 
Arcturus in Boõtes -| 1 20. 2439.57 N 20.29 N 

Bright Star of the Har; | 

Lyra 1 11.27 61.46 N 38.24 N 
South Fiſh, Fomelhaut! iz 29.64 21.05 8 30.55 8 


Problem 22. To find the Riſing, Setting, and Culmination of a 


Star, at any Time, in any Latitude, 


The Rule. 1. Rectify the Globe and Hour Index, as in Prob- 


fem 10. 


2. Ering the Star (whoſe Riſing you would know) to the 
Eaft Side of the Horizon, and then the Index will point to the 
Time of its Riſing ; alſo the Degree of the Horizon againſt the 
Ster, ie its Amplitude at Riſing. | | 

3. Bring the Star to the Braſs Meridian, and the Index will 
ſnew the Time of its culminating, or coming to the Meridian; 
aifo the Degree on the braſs Meridian, contained from the Hori- 
Z-n to the Star, is its Meridian Altitude, Ja 

4. Bring the Star to the Weſt Side of the Horizon, and then 
the Index will ſhew the Time of its Seteing; alfo againſt the 
Star, (on the Horizon) is its Amplitude at Setting, which is ever 
the ſame Quantity as Riſing. 


Oe * 
11s 
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This is ſo eaſy to perform, and ſo often done in the Problem 
concerning the Sun, it nceds no Example, | 


Problem 23 T» bn: at any Time what Stars are above the H- 
ri on, either viſiag towards the Meridian, or declining from it, to- 
wards their Setting ; as alſo wheat is their Latitude and Azimuth ? 


The Rule. 1. To rectify the Globe, Hour Index, and Qua- 
drant ot Altitude, a“ before, in Problem 10. 

2. Turn the Globe till the Hour Index points to the given 

Time of the Day or Night; and there ſtay the Globe. 
3. Then obſerve whar Stars are even with the Eaſt Side of the 
Horizon, thoſe «r< then riſing and all thoſe that are between the 
Horizon and aſt Side of the Meridian, are riten above the Ho- 
1izon, and aſcending towards the Meridian, 

4. All thoſe Stars near the Braſs Meridian, are then near the 
Meridian of that Place; and thoſe at the Braſs Meridian, are 
then on the Meridian of that Place, 

5. If the Quadrant of Altitude be put to any Star it will ſhew 
it's Altitude at that Time and Place, and upon the Horizon, the 
Quadrant ſhews it's Azimuth. 

6. All thoſe Stars on the Weſt Side of the Meridian are de- 
ſcending from it, towards their Setting; thoſe near the Hor:zon 
are Setting, and thoſe below the Horizon arc Set. 

In a Word, let the Globe (by Help of a Magnetic Needle, 
or Compaſs, or otherwiſe, (Variation allowed) be fet fo, as the 
North Pole thereof mav point to the true North in the Heavens, 
and the South point to the South ; then imagine your Eye piaced 
within the Glove as its Center, and tate the globe was tranſpa- 
tent; or ſuppoin a final run rice through the Center of any 
dtar, now your Steht pailing tatough it, will. direct to the Star in 
the Heavens, correſpondent to that on the Out ide of the lobe. 

This being mathematically conſidered, will make the Uie of 
the Globes caſy, and greatly conduce to the Knowledge of the 
Stars, a Thing very neceſſaty in Navigation, but too much 
neglected in gencral by Mariners, N 


Problem 23. To fnd the Hour of the Night by the Altitude of & 
| known Star, : 
The Rule. 1. Rectify the Globe, Hour Index, and Quadrant 
bf Altitude, as before, in Problem 10. | 
2. Turn the Globe and Quadrant of Altitude till you bring 
che Star again(t it's given Altitude in the Quadrant, and there 
Lay them. "I 
= M 2 3- Then 
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3- Then will the Index ſhew the Hour required ; and the 
Quadrant will cut the Horizon in the Star's Azimuth, 

Note; If the Star you obſerve be on the Eaſt Side the Meridian, 
then turn the Quadrant of Altitude on the Eaſt Side of the Braſs 
Meridian, of the Globe: And if on the Weſt Side, turn the 
Quadrant alſo on the Welt Side, 


Example, At London, December the 23d. the Altitude of Regulus, 
or the Lyon's Heart, being 25d. 30m. Oriental, or on the 
Eaſt Side of the Meridian: I demand the Hour of the Night? 


Anſiu. According to the aforeſaid Rule, the Hour is near 3om. 
after 10 at Night, and the Star's Azimuth 78d. 3om. South 
Eaſterly, or Eaſt by South neareſt. 

So much for the Uſe of the Globes, which is extended beyond 
it's firſt deſigned Limit, occaſioned by a conſtant Reſolution to 
be as explicit, and conciſe as poſhble. 

And, by the Way, let me adviſe thoſe who have not Conveni- 
ency for, or not able to purchaſe Globes, and yet would know 
the Stars, that they may attain it with a Pair of Hemiſpheres, 
wherein are all the Conſtellations, and each Star according to it's 
Longitude and Latitude placed in them ; ſuch are made of near 
20 Inches in Diameter, to fold in a Book, like a Sea Chart, in 
two double Leaves or Sheets: They are projected on the Plane 
of the Ecliptic, or, as ſome ſay, on the Poles of the Eliptic ; So 
that in one Hemiſphere (which is one Leaf or Sheet) you have 
all the Conſtellations on the North Side of the Ecliptic, and in 
another all the Southern. | 

Each Pole of the Ecliptic, is the Center of each Hemiſphere, 
and the Margin going round them is the Ecliptic, being divided 
into 12 Signs, and each Sign into 30 Degrees; each Degree be- 
ing alſo ſubdivided into Halves and Quarters with Lines drawn 
from the Center (or Pole of the Ecliptic) to the beginning of each 
Sign. ; 

On one of thoſe Lines are placed the Degrees of Latitude, and 
numbered from the Ecliptic with 10, 20, Cc. to go, at the 
Pole and Center of it. | 

By theſe Hemiſpheres any of the former Problems (wrought 
on the Cœlęſtial Globe) may be ſolved : As for Inſtance ; 


To find the Longitude, and Latitude of a Star, 

The Rule. 1. Stretch out the Silk String (faſtened in the Cen- 
ter for that Purpoſe) over the Center of the given Star, and it 
ſheweth, or cutteth the Star's Longitude in the Ecliptic. 3 

2, W1 
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2. With a Pair of Compaſſes, take the Diſtance from the Cen- 
ter of the Star to the Center of the Hemiſphere; lay that Diſtance 
on the Scale of Latitude from the Center of the Hemiſphere, and 
it will ſhew the Latitude required, reckoned from the Ecliptic. 

Example. The Foot of the Crofiers, a Star of the ſecond Mag- 
nitude in the Southern Hemiſphere, between Robur Carolinum, 
and Centaurus: I demand it's Latitude and Longitude ? 

1. Laying the ſaid Silk String over the Star's Center, it cuts 
the Ecliptic in Virgo, 8d. 8m. the Star's Longitude ? 

2. Take the Star's Diſtance from the Center of the Hemiſ- 
phere, meaſure it on the Solſtitial Colure, from the ſaid Center, 
and it reaches to 52d. 45m, the Star's Latitude South. : 

There are drawn in theſe Hemiſpheres, the Equinoctial, Tro- 
pics, Polar Circles, and Poles of the World ; all which are dif- 
tinguiſhed by their Names ſet to them : More Circles may be 
drawn, and are of Uſe in ſolving other Problems; which ſhall bg 
ſhewed after the Problems in Aſtronomy. 


" "CHAPTEE WW 
Spheric Trigonometry, applied in Problems of Geography, 


Bkbore I treat of Great Circle Sailing, twill not be amiſs to ſa 

*- ſomething concerning Geography; and for a more dittin& 
Knowledge thereof, take theſe following Definitions and Pro- 
blems. The Definitions are much the ſame as before, in Chap- 
ter 4, of Mercator's Sailing, in Page 82. 


Section I, Geographic Definitions. Plate 5. Fig. 1. 


LT HE Earth (on which we dwell) together with the Water, 
make one round Body or Globe, which is the Subject of 
Geography. 

2. The Poles of the Earth, are two imaginary Points, directly 
oppoſite, upon the Surface of it; that in the North called the 
North Pole ; and that in the South, called the South Pole; as 
PandI. Plate 5. Pig. 1. 

3. The Equator, or Line under the Equinoctial, is a Line 
drawn round the Globe, and lieth in the Middle between bath 
Poles, cutting all Meridians at Right-Angles, and is a great Cir- 
cle, from which Latitude taketh its Beginning, and in which 
Longitude is reckoned, as FAQ. Plate 5. Fig. 1. f 

4. Meridians, are great Circles drawn through both Poles 
cutting the Equator at Right-Angles, as P, PAI, and PMI; 

_— anſwerable 
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an ſwerable to them, are the North and South Lines, drawn in 
any Chart. =" wh ; . | 

6. Parallels of Latitude are leſs Circles drawn parallel to the 
Fquator, through every Degree and Minute of the Meridian, be- 
tween the Equator and each Pole, as at and ZO {t, and are re- 
preſented in any Chart, by the Eaſt and Weſt Lines therein. 
6. Latitude is an Arc of a Meridian, contained between any 
Parallel and the Equator ; from whence it is counted both Ways 
to each Pole, where it ends in go Degrees, which is the greateſt 
Latitude. . | f 

7. North Latitude is on that Side of the Equator towards the 
North Pole, and South Latitude towards the South Pole. 

8. Difference of Latitude is an Arc of a Meridian, and the 
neareſt Diſtance between any two Parallels, and ſheweth how 
far any Place is to the Northward or Southward of another Place, 
and never exceedeth 180 Degrees. 

9. Longitude is reckoned in the Equatar, round which, in- 
creaſing to the Eaſtward, it is counted (by ſome) till it end 
(where it firſt began).in 360 Degrees, which is the greateſt Lon- 

itude : Or, according to Mr. J/akely, in his Muriner's Compaſs 
Refiified, it is counted from the Meridian of London, increaſing 
on bath Sides of it, Eaſtward and Weſtward, till it terminatcs in 
180 Degrees, at the oppoſite Meridian. 

10. Longitude of a Place, is an Arc of the Equator contained 
between the Meridian of that Place, and the firſt Meridian where 
Longitude taketh its Beginning, and counted (by the od Way) 
ta the Eaſtward of the fiſt Meridian, {but by the new Way in 
the Mariner's Compaſs Rettified, and likewiſe in the Mariher's 
Calendar) it is counted both Eaſtward and Weſtward from the 
Meridian of London, which in both theſe Tablcs is the Meridian 
whence Longitude taketh its Beginning. BY 

11. Difference of Longitude is 2a Arc of the Equator, con- 
tained between the Meridians of any wy Places, and never ex- 
ceedeth 180 Degrees. 

12. The Diſtance of any two Places, is an Are of a great 
Circle, paſſing through them, and never exceedeth 180 Degrees, 

13. The Angle of Poſition, or the Angle of Situation of 
Places, is an Angle that the Arc of a great Circle paſſing over 
two Places, makes with the Meridiau of one of them, and is not 
the Courſe leading from one to the other. | 

In finding the Diſtance of Places, there are three Caſes: As 
1.) when they differ only in Latitude; (2.) when they differ 
only in Longitude ; (3.) when the two Places differ both in 
Latitude and Longitude; all which are performed by the fol- 
lowing Problems, Seclion 
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Section II. Geegraphic Problems. 


Caſe 1. Two Places differing only in Latitude, given; to fad 
| their Diſtance. 


Note TWO Places under one Meridian, or bearing North 
and South from each other, or in one Longitude, are 

ſaid to differ only in Latitude. 
2. Iwo Places differing only in Latitude, the Difference of 


Latitude is the Diſtance required; in which there are two Va- 
rieties, 


Variety 1. Problem 1. Two Places both on the ſame Side of 8 
Equator ; that is, beth in North, ar beth in Scuth Latitude; to find 
their Di flance ? 

The Rule. Subtract the Jeſs Latitude from the greater, the Re- | 
mainder{reduced into Leagues or Miles) is the Diſtance required, 


Variety 2. Problem 2. If one Place be on one Side of the Equator, 
the other on the other Side; that is, one in North. Latitude, and the 
other in South Latitude ; to find their Diſtance ? 

The Rule, Add the two given Latitudes together, the Sum 
(reduced into Leagues or Miles) is the Diſtance required, 

Theſe are ſo eaſy 'tis needleſs to give Examples, being the 


ſame you had in Chapter 3. Section 3. General Rule 2. in 
Plane Sailing, in Page 57, 


Caſe 2. Two Places differing only in Longitude given; to fnd 
their Diſtance. 


Note; Two Places differing only in Longitude, lie Eaſt and 
Wet from each other, and are either in the Equator, or elſe in 
one Parallel of Latitude. 


In this Caſe are two Varieties. 


Caſe 2. Variety 1. Problem 3. Two Places in the Equator, 
- their Longitudes: being given ; to find their Diftance. 


The Rule. 1, According to the old Way of counting the Lon- 
itude, ſubtraft the lefs Longitude from the greater, the Re- 
mainder (it leis than 180 Degrees) i is the Diſtance required; but 
when *tis more, ſubtrat it from 360 Degrecs, and this laſt Re- 
mainder is the Diſtance. 

2. According to the new Way of counting the Longitude, in 
the 47ariner's Ce %% Reftified, the Rule is thus; 

If both Longi: udes are FaR, or both Weſt, ſubtract the leſs 
from the oreater, the Remainder is their Ditance - But when 
one Place is in Faſt, and the cther in Weſt Longitude, add 
them, nd the Sum (if it exceed not 182 Degrees) is the Diſ- 

A * 4 tauce 
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tance, and when it doth exceed 180 Degrees, ſubtract it from 

360 Degrees, the Remainder is the Diſtance required, which is 

the ſame as in Chapter 4. Section 2. Problem 3. Page 89. of 

Mercator s Sailing. 

| . 

Caſe 2. Variety 2. Problem 4. Two Places in one Parallel, or 
both in one Latitude, their Longitudes given, to find their Diſ- 

Tance. : 


Example, I demand the Diſtance between the Lizard, and 
Pergwin Iſland in Newfoundland ? 
| d 


m. | 4 
Lizard ; 5 14 W. 
Penguin Ihand Latit. 50 00 N. Longitude 52 50 W. 


Rem. is the Comp. Lat. 40 oO 

Theſe Places are ſuppoſed both in the Latitude 5od. oom. 
North, whoſe Complement is 40d. oom. | 

To delineate this Problem Stereographically on the Plane of 
the Meridian of the Lizard. Plate 5. Fig. 1. 

1. Deſcribe the Circle PQ], with a Chord of 60 Deg. or 
Half-tangent of go Degrees, and quarter it with the two Diame- 
ters or Right Circles PAI, and AQ: Then is P the North 
Pole, I the South Pole, and ZAQ the Equator. 

2. By Problem 2. Caſe 2. Page 112. of Sphgric Geometry, 

make the Angle EPN equal to 47d. 36m. (the Difference of 

1 by drawing the Oblique Circle PO NI, with the 
ecant thereof. | 

3. Make PZ equal to 40d. oom. (the Complement of the given 
Latitude) by Prob. 6. Caſe 1. —_ 116. of Spheric Geometry, 

4 Through Z draw the Parallel Circle Z © 1 t (by Problem 
9. Caſe 2. in Page 121. of Spheric Geometry) with the Tangent 
of 4cd. oom. (the Complement of the given Latituce) to cut the 
Oblique Circle PO NI in O; then Z repreſents the L:zard, 
and O Pengwin Iſland, both in one Parallel of Latitude. | 

5. Then through Z and ©, draw a great Circle, as is the 
Oblique Circle Z © C, and 'tis done; tor Z © on the Oblique 
Circle is the Diſtance required, which is meaſured by Problem 7. 
Caſe 3. in Page 118. of Spheric Geometry. | 

To find their Diſtance by Trigonometry, 'tis to be noted; 

That in the Obliqne Spheric ale Po, Plate 5. Fig. 1. 


1. The Side ZP equal to PO is the Comp. of the Lat. 40d. Oom. 
2. The Angle LP© the Difference of Longitude 47d. 36m. 


3. The 
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3. The Side L © the Diftance of the two Places; which to 
find, let fall Perpendicular PB (by drawing an Oblique Circle 
with the Secant of 23d. 48m. half the given Difference of 
Longitude) to cut the Oblique Circle Z © (in B) and it divides 
the Ublique Spheric- Triangle into two equal Rectangle-Spherie 
Triangles PBZ and PBO, in each, the Hypothenuſe and one 
Angle is given. | | | 5 

1. The Angle Z PB equal to BPO, is half the Difference of 
the Longitude 23d. 48m. 

2. The Leg ZB equal to BO, is half the Diſtance required. 

Therefore the Proportion by Chapter 5. Section 4. Problem 2. 
Caſe 4. in Page 136. of Rectangular Spheric Trigonometry, is 
thus; \ 

As Radius, is to the Sine Complement of the Latitude; ſo is 
the Sine of half the Difference of Longitude to the Sine of half 
their Diſtance required. But in ſhort thus, » 
As Radius +» S. Hypot. PZ : : S.AngleZBP -- S. Leg. ZBT the Diſt. 
As S. god... S. 40d. oom. : : S. 23d. 48m. ++ S. 15d. 02m. | 

Which being doubled, makes the Diſtance 30d. o4m. or 1804 
Minutes, which is the Diſtance between the Lizard and Pengwin 
and, in the Arc of a Great Circle. 


Problem 5. To find how many Miles or Minutes of the Equator make 
a Degree of Longitude, in any Parallel of Latitude. 


The Rule or Proportion is; | 
As Radius is to the Sine Complement of the Latitude; 
So 1s 60 Miles or Minutes a Degree in the Equator, to the 


Miles or Minutes of the Equator, which make a Degree of 
Longitude in the Parallel required, 


Example. How many Miles will anſwer to. make a Degree of Lon- 
p gitude in the Latitude of 51d. 31m. 

As Radius ., 8. c. Lat. : : a Deg. in the Equa. -» a Deg. in the Par. 
As S. god. S. 38d. 29m.:: 60 Minuutes + Min, 37.34 Parts. 
The Miles of the Lquater that make a Degree of Longitude in 
the Latitude of 51d. 31m. 


Caſe 3 Two Places differing both in La'itude and Longitude ; their 
atitudes and Longitudes being given to find their Diſtance. 
Note; In this Caſe are three Varieties. 


Variety 1. Problem 6. One Place in the Equator, and the other 
towards either of the Poles. 

Example. Suppoſe the Lizard, and the Entrance of the River 

Amazons, their Latitudes and Longitudes being as followeth 2 | 

demand their Diſtance? | | * 


Lizard 
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d. m. d. m. 


| Lizard 49 57 „ $ $14 W. 
Amax. River. { Lat. OO OO N. L 1 


Difference of Longitude - - - - - 44 42 


To delineate it Stereographically on the Plane of the Meridian 
of the Lizard. Plate 5. Fig. 1. | 
1. The Circle being deſcribed, and quartered as before, in 
Problem 4. make Z on the primitive Circle equal to 40d. 
57m. the Latitude of the Lizard, by Problem 6. Caſe 1. in Page 
116 of Spheric Geometry. 

2. By the ſame Problem, Caſe 2. lay 44d. 42m. the given 
Difference of Longitude, on the Right Circle Æ AQ (which 
is the Equator) that is, take the Half Tangent 44d. 42m. the 
contrary Way, and lay it from Æ to N. | 

3. Then through Z and N draw a Great Circle, as is the 
Oblique Circle Z NC, and 'tis done: For Z N (meaſured by 


Problem 7. Caſe 3. in Page 118, of Spheric Geometry) is the 
Diſtance required. 

But to find their Diſtance by Trigonometry : Obſerve, 
That in the Rectangle Spheric Triangle Z AN. Plate g. 
Fig. 1. 

; the Leg Z A, is the Latitude of the Lizard, 49d. 57m. 
2. The Leg AN, the Difference of Longitude between them, 
equal to 4.4d. 42m. 

3. The Hypothenuſe Z N, their Diſtance required, to find 
which, (by Chap. 5. Sect. 4. Prob. 5. Caſe 14. in Page 140. 
of Rectangular Spheric Trigonometry) the Proportion is thus: 

As Radius, is to the Sine Comp. of the Lizard's Latitude ; 

So is the Sine Complement of their D'fference of Longitude, 
to the Sine Complement of their Diſtance required: But in ſhort 
thus : | 
Radius -- S. c. Leg ZE: : S. c. Leg N.. S. c. Hyp. ZN the Diſt. 
S. god. -- S. 40d. 03m. : : 8. 45d. 18m... S. 27d. 13m. whoſe 


Complement is 62d. 47m. equal to 3767 Minutes, is the Dif- 
tance between the Lizard and River Amazing. 


Caſe 3. Variety 2. Problem 7. Two Places lying towards zone of 
the Poles; that is, bath in North Latitude or both in South 
Latitude, their Latitudes and Longituges being given ; to find their 
Diſtance. 


Example. I demand the Diſtance hetween the Lizard and the 
Iſtand Barbadzes ? | 


Lira & 
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Lixard 5 49 57 5 14 W. 
I. Barbadoes | Lat. 172 51 5 N. L * 138 50 W 
Difference of Longitule - - - 5336 


To delineate this Steceographically, on the Plane of the Me, 
ridian of the Lizard. | 


1. Having deſcribed the Primitive Circle, and quartered. it as. 
before, make the Angle EP m, (by Problem 2. Cafe 2. in Page. 
112. of Spheric Geometry) equal to 53d. 36m. the given Differ- 


ence of Longitude, by drawing the Oblique Circle PLm], 
with the Secant thereof. p 


2. On the Primitive Circle (by Prob. 9. Caſe r. in Page 116. 
of Spheric Geometry } make PZ equal to god. om. the Comple- 
ment of the Lizard's Latitude, by laying the Chord thereof from 
Pto Z. | PEE” 

3. Draw the Parallel Circle @ L 7? (by Prob. 6. Caſe 2, in 
Page 121. of Spheric Geometry) at 12d. 58m. ( Batbadoes Latitude) 


Diſtance from the Right Circle A A Q, the Equator, to cut 
the Oblique CircleP m! in L. | N 


4. Then through Z and L, draw a Great Circle, as the Ob- 
lique Circle Z Lm C, and it is done; for Z L (meaſured by 
Prolem 7. Caſe 3. in Page 113, of Spheric Geometry) is the 
Diſtance required. 

But by Spheric Trigonemetry, to find their Diſtance, it is to 
be noted, EE. | | 

That in the Oblique Spheric Triangle ZPL. Plate 5. Fig. 1. 

1. The Side PL is the Comp. of the Lizard, Lat. 40d. 03m, 

2. The Side P |, is the Comp. of Barbadzes Lat: 77d. 02m. 

3. The Angle ZPL their Iifferenceof Longitude 53d. 36m, 

4. The Side Z L their Diftance, 

To find which (by Chap. 5. Section 5. Problem . Caſe 8. in 
Page 145. of Spheric Trigonometry Oblique) the Rule is, 

Fir/t, As Radius, is to the Sine Complement of the Difference 
of Longitude ; fo is the Tangent Complement of the greate 
Latitude, to the Tangent of a fourth Arc. 

Which being ſubtracted from the Complement of the 18s 
Latitude, when the Difference of the Longitude is leſs than 90 
Degrees, but when more than go Degrees from its Supplement 
to 1890 Degrees, the Remainder is the Reſidual Arc. Then, 


Secondly, As the Sine Complement of the Fourth Arc afore- 
found, is to the Sine Complement of the Reſidual Are; ſo is 
the Sine of the greates Latitude, to the Sine Complement of 


the 


Great Circle. 


3. in Page 118. of Spheric Geometry} is the Diſtance required. 
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the Diſtance required: But in ſhort, as follows; 

As Radius . S. c. Angle ZPL : : T. Side ZP. 3 4th Arc. 

As S. 9od. . 8. 36d. 24m. : : T. 40d. 03m. +» T. 26d. 31m, 
which being ſubtracted from the Side PL 95d. 02m, 

Remainder is the Reſidual Arc - - - «- - god. Zim. 


And then again, 
As S.c.4th Arc · S. c. Reſid. Arc:: S. c. Side ZP. . S. c. Side ZL 


As S. 63d. 20m... S. 30d. 29m. :: 8. 40d. 57m. +- S. 32d. 57m, 


Whoſe Complement 57d. og: or 3423 Minutes is the 
Diftance from the Lizard to the Iſland Barbadoes in the Arc of a 


Caſe 3. Variety 3. Problem 8. Two Places, one in North Loti- 
tude, the other in South Latitude; their Latitudes and Longitudes 
given, to find their Diſtance, 5 


Example. I demand the Diſtance from Cape Cod, in New Eng- 
land to Cape Bona Eſperanza, or Cape of Good Hope in Africa? 


J Ca d. N d. m. 

Cape Co 42 12 N. „ 168 55 W. 

C Bona Eſp. { Lat "= 07 S. * 0 19 35 E. 
Difference of Longitude is - - - - 83 30 | 


LI 


To delineate it Stereographically on the — of the Meridian 
of Cape Cod. Plate 5. Fig. 1. : 
1. The Primitive Circle being deſcribed, and quartered as be- 
fore directed, make (by Problem 2. Caſe 2. in Page 112 of Sphe+ 
ric Geometry) the Angle QP M equal to 88d. 3om. the given 
Difference of Longitude, by drawing the Oblique Circle PMI 
with the Secant thereof: But the Secant is ſo large that it is not 
eaſy to do; therefore in ſuch Caſes, lay it on the Right Circle 
NAM , the Equator (by Problem 6. Caſe 2. in Page 116 
of Spheric Geometry) from Q to M, that is, from the Scale of 
Half-tangents the contrary way; and laying a Bow ſcrewed up to 
the three Points, P, M, and I, draw the Oblique Circle by it. 
2. On the Primitive Circle, (by Problem 6. Caſe 1. in Page 
116.) make PZ equal to 47d, 48m. the Complement of Cape 
cd's Latitude. n 
Draw the Parallel Circle a D 1? {by Problem 9. Caſe 2. 

in Page 121.) at 34d. 07m. Cape Bona Eſperanza, Lat. (or Diſ- 
tance from the Right Circle AZ AQ the Equator) to cut the Ob- 
lique PMI, in D, repreſenting Cape Bona Eſperanza. 

4. Thro' Z and D, draw a Great Circle, as the Oblique Cir- 
cle ZDC, and 'tis done: For ZD (meaſured by Problem 7. Caſe 


By 
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By SphericTrigonometry, to find their Diſt. it is to be conſidered, 
That in the Oblique Spheric Triangle ZDP. Plate 5. Fig. 1. 


1. The Side PZ is the Comp. of Cape Cod's Latit. 47d. 48m. 

2. The Side PD the Diſtance of Cape Bona Eſperanza from the 
North Pole, or it's Latitude added to god. that is 124d, 07m. 

3. The Angle DPZ their Differ. of Longitude 88d. 3om. 

4. The Side Z their Diſtance required, which is thus found, 
By Chapter 5. Section & Problem g. Caſe 8. in Page 145. of 
Spheric N blique, the Proportion are theſe, 

Firft, As Radius, is to the Sine Complement of their Differ- 
ence of Longitude; ſo is the Tang. Complement of one of the 
given Latitudes, to the Tangent of a 4th Are; and then, 

If the Difference of Longitude be leſs than god. ſubtract the 
4th Arc out of the other Latitude, added to god. but if the Diff. 
Long. be more than god. from the Supplement thereof to 180d. 
the Remainder is the Reſidual Arc; And then, 

Secondly, As the Sine Complement of the Fourth Arc, is to the 
Sine Complement of the Reſidual Are; ſo is the Sine of the La- 
titude firſt taken, to the Sine Complement of the Diſtance re- 
quired : But in ſhort thus ; 

As Radius -+S. c. Ang. DPZ : : T. Side PZ. T. 4th Arc. 
As S. god. ++ S. 01d. 3om. :: T. 436 48m... T. 1d. 39m. which 
being ſubtracted from the Side PD 124d. 07m. 


The Remainder is the Reſidual Arc— 122d. 28m. 


Then again ſay, 


8. c. 4th Arc · S. c. Reſidual Arc : : S. c. Side PZ . S. c. Side ZD. 
S. 88d. 2 1m. ++ S. 32deg. 28min. : : S. 42d. 12m. S. 21d. ogm.. 
Which added to god. oom. 


The Sum is the Side ZD their Diſtance 111d. om. 
Or 6669 Minutes is the Diſtance from Cape Cad to Cape Bo- 
na Eſperanza, in the Arc of a Great Circle. 


CHAPTER VIIL 


Of the third Part of Navigation, or the Doctrine of Spheric Trige- 
nometry applied in Great-Circle Sailing. 


GE EAT Circle Sailing, as it is the moſt accurate, ſo it is the 
moſt difficult, and hardly poſſible for a Ship exactly to fail 


by; 
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by; yet it may be of good Advantage to keep conveniently neat 
ar, eſpecially in a parallel (or Eaſt and Weſt) Courſe. 


2. Great Circle Sailing, is ſailing by, or upon the Are of 2 
Great Circle, paſſing through the two Places. 


3. In Great Circle Sailing are but thiee Caſes, viz. 


(1.) When two Places differ only in Latitude. 
(2.) When they differ only in Longitude ; and, 
(3-) When they differ both in Latitude and Longitude, 


Caſe 1. Tivo Places differing only in Latitude, the Latitude given; | 
to find their Diſtance. 


1. This is the ſame with Chapter 7. Section 2. Problem 1: 
and 2. in Page 183 of Geography, to which I refer the Reader 
for finding their Diſtance, and ſo paſs to 


Caſe 2. Two Places differing only in Longitude, the Latitude and 
Longitude being given; to find their Diſtance in the Arc of a Great 
Circle, and all that is requiſite in Great Circle Sailing. 


1. This is the ſame with Chapter7. Section 2. Problem 3. and 
4. in Pages 183 and 184, of Geography, to find their Diſtance. ' 

2. Theſe Places arc either in the Equator, or in one Parallel, 
and lie Eaſt and Weſt from each other; if under the Equator, 
the Difference of Longitude is their Diſtance, that being a great 
Circle, but if in one Parallel, the contained Arc of that Parallel 
is not the neareſt Diſtance, that being a leſs or ſmall Circle. 

3. The Diſtance in the Parallel hath been ſhewed in Chapter 
4. Section 3. Problem 10. of Mercator's Sailing, in Page 100; 
and their Diſtance in the Are of a great Circle is found by Chap- 
ter 7. Section 2. Problem 4. in Page 184 of Geography: But 
the Angles of Poſition made by the Great Circle, and its Lati- 
tude and Longitude at any aſſigned Point in the Arc, together 
with the Courſe, and Diſtance from Point 10 Point, fo aſſigned 
in it, is the Work we now procecd upon. 


Caſe 2. Problem x. Suppzſe the Lizard, and Pengwin Iſland, 
both in the Latitude ef 50d. oom. North aer, whoſe Diſſerence 
of Longitude 1s 47d. 36m. (as before in Problem 4. Page 3 $4 of 
Geography) I demand the Angle of Pofition ® The Great Cirrlc't 
Diftance between them ? The Latitude of the Arc at every g De- 

. grees Difference of Longitude ® And the Courſe and Diſtance fr om 
Point to Point according ts Mercator, | | 


This 
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This Problem is delineated by the Directions in Problem 4. 
of N in Page 184. And obſerve, that 

In the Oblique Spheric Triangle APC. Plate 5. Fig. 2. 

1. A repreſents the Liard. | | 

2. C Pengwin land. 

3. The Side PA equal to PC, the Complement of the Lati- 
tude of each Place 40 Degrees, | 

4. The Angle APC, the Difference of Longitude 47d. 36m. 

5. The Angle CAP-equal to ACP, the Angle of Poſition at 
each Place, | 

6. The Side AC, the Great Circle's Diſtance between them. 
 #irft, For the Angle CAP equal to ACP, the Angles of Po- 
ſition at the two Places. 

Draw the Perpendicular BP, (as was taught in Problem 4. of 
Geography, in P. 185) which divideth the Oblique Triangle 
APC, into two equal Rectangular Spheric Triangles ABP, and 
CBP, in each, the Hypothenuſeand one Angle are given, That is, 

1. The Hypothenuſe PA equal to PC, the Complement of 
their Latitude 40 Degrees. 


2. The Angle BPA, equal to BPC, half their Difference of 
Longitude 23d. 48m. 


3. The Angle BAP, equal to BCP, the Angle of Poſition at 
each Place. | 
4. The Leg AB, equal to BC, half the Great Circle's Diſtance, 
5. The Leg BP, the Complement of the Arc's greateſt Latitude. 
And by Chapter 5, Section 4, Problem 2, Caſe 6. of Spheric 
Trigonometry Rectangular, in P. 137. the Proportion is thus: 
As Radius is to the Sine of the Latitude, ſo is the Tangent 
of half the Difference of Longitude, to the Tangent Comple- 
ment of the Angle of Poſition at each Place, That is, 
As Radius: S. c. Hyp. AP: : T. Angle APD: T. c. Angle BAP. 


As godeg.: S. god. oom. :: T. 23d. 48m. : T. 18d. 40m. 
Which being ſubtracted ſrom- — god. oom. 


Remainder is the Angle of Poſition at each Place 71d. 20m. 


Secondly, The Leg AB, equal to BC, is found (by Problem 


4. of Geography, in P. 185) 14d. 02m. and therefore the Side 
AC is 30d. o4m. or 1804 Miles, the Diſtance of the two 
Places in the Arc of a Great Circle. 

Thirdly, To find the Latitude by which the Arc ſhall paſs at 
every 5 Degrees Difference of Longitude from A, repreſenting 
the Lizard; theſe Things following muſt be obſerved : 


Fin, 


— — 
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Firſt, Find the Leg BP, the Complement of the greater Lati. 

tude by which the Arc (of the Great Circle) doth paſs ; and 
hat by Chapter 5. Section 4. Problem 2. Caſe 5. of Spheric 

8 Rectangular, in Page 137. is thus; 

As Radius, is to the Sine Complement of half the Difference 
of Longitude 14 

So is the Tangent Complement of the given Latitude, to the 
Tangent Complement of the Arc's greateſt Latitude ; In ſhort 
thus; 

As Radius -- S. c. Angle BPA :: T. Hyppot. PA +» T. c. LegBP, 

As S. god... S. 66d. 12m. :: T. 40d. oom. T. — 
Which being ſubttacted from — od. oom. 


Remainder is the Arc's greateſt Latitude -— — 52d. 29m. 

Secondly, To find the Latitude by which the Arc of the Great 
Circle paſſes (at cvery 5 Degrees of Longitude) from A, draw 
Meridians from P, as Pd, Pe, Pf, Sc. which may moſt eaſily be 
done Gnomonically, being then Right Lines, and that is 
thus, viz. | 

The Gnomonic Projection. Plate 5. Fig. 3. 

t. Make the Angle APC equal to 47d. 36m. the Difference of 
Longitude between the two given Places. 

2. Make PA, and PC, each equal to the Tangent of 40d. 
oom. the Complement of the given Latitude. 

3. Draw the Line AC, which repreſents the Arc of a Great 
Circle between them. 

4. Let fall the Perpendicular PB, which being meaſured on 
the Scale of Tangents, is 37d. 31m. the Complement .of the 
Arc's greateſt Latitude. 

5. Then draw Lines from P, each 5 Degrees Diſtance from A 
as Pd, Pe, Pf, Pg, Ph, Pi, Pk, Pl, and Pm; which are Meri- 
dians, and each of 5 Degrees of Longitude from A the Lizard. 

6. Meaſure Pd, Pe, pr, Sc. on the Scale of Tangents, and 
they ſhew the Complements of the Latitudes of the Arc, at the 
reſpective Places, d, e, f, &c. 

Theſe are found (by Spherie Trigonometry) after this Man- 
ner; the ſeveral dotted Lines Pd, Pe, Sc. are ſo many Hypo- 
thenuſes, to as many Rectangular Spheric Triangles, which 
have one common Leg BP, the Complement of the Arc's greateſt 
Latitude. 

Now in each of theſe Rectangular Spheric Triangles, there is 
given a Leg, and its adjacent — to find the Hypothenuſe; 
that is, in the Triangle d B P, there is given the Leg BP, and 
Angle B Pd; to find the Hypothenuſe Pd, and ſo in all the _ 

An 
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And the ſeveral Angles B P d, BPe, &c. are found by a com- 
tinual Subtraction of 5 Degrees from the Angle BPA 23d. 48m. 
half the Lifference of Longitude, until the Remainder be leſs 
than 5 Degrees which being taken out of 5 Degrees, and to this 


laſt Remainder add 5 Degrees ſu 
not 23d. 48m. That is, 


d. m. 
From the Angle BP A hee 
Subtract the Angle A Pd 5, oo 


B P d 18,48 


: B P 548 
Rem. is Angle B P £ 08,48 


B Pg 03, 48 


Which ſubtract from - - 05,00 


cceſhvely, until the Sum exceed 


* 


d. m. 

Then to the Angle BPh=0o1,12 
Add the Angle h P i 205,00 
B Pi 06, 12 
WW B Pk 11,12 
Sum is the Angle BP 1 16.12 
ILB Pm 21,12 

Theſe Angles are called Ver- 


| | ——ſ|tical Angles, or Angles at the 
Is the Angle BP h equal o1,12[Pole. | 


Then find (by Chapter Fl Section 4, Problem 3, Caſe q, of 
Spheric Trigonometry Rectangular, in Pages 137 and 138) the 
ſeveral Latitudes of the Arc, which are found by this Proportion; 


As Radius is to the Sine Complement of the Vertical Angle; 
So is the Tangent of the Arc's greateit Latitude, to the Lan- 
gent of the Arc's Latitude at the reſpective Plades : Or, 


As Radius .. S.c.BPd, BPe, &e. : : T. c. Leg PB. T.c.Pd,Pe,&e. 
As $.90d. ++ S. 71d. 12m. :; T. 5 2d. 29cm. T. 50d. 57m. Lat. at d 


76d. 21212. + - 51d. 4om. e 
81d, 12m, = = - - F<2d.09m. f 
86d. 12m, = 32d. 25m. 32 
88d. 48m, - - „52d. 29m. [) n 
83d. 48m. - = - — 52d. 19m. 5 1 
. 78d. 481m. — 351d.57m IKE 
73d. 41. Jud. zim. l 
68d. 48m. - - +- - god.zam.j} Im 


do that by the Gunter, the Extent from the Sine go to tne 
Sine of 71d, 12m. will reach from the Tangent of 52d. 29m. 
to Tangent 50d; 57m. And the Extent from Sine god. to vine 
76d. 12m. will reach from Tangent 52d. 29m. to Tangent 51d. 
40m. Alſo from Sine god. to Sine 81d. 12m. reacheth from 
1 52d. 29m. to Tangent 52d. om. and ſo on for the 
xeſt. | 

But by Logarithms it may be thus contracted; becauſe the 

| N 


= —_— Os. —_— 
— — —- 0 4— — — 
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Firſt and Third Terms in each Proportion are the ſame, and Ra- 
dius being the Firſt, it follows; 


That to the Tangent of the Arc's greateſt Latitude, add the 
Sine Complement of each Vertical Angle, and from their Sum 
abate Radius, the Remainder is the Tangent of the Arc's Lati- 
tude at each Place required : As for Example, 


d. m. 
Arc's greateſt Lat. 52.29 Tang. 10. 114758 
71.12 Sine 9.976189 d. m. f 
10.090947 Tang. 50. 57 6 
76.12 Sine 9.987279 : 
| 10.102037 Tang. 51.40 e 
| 81.12 Sine 9.994857 
10. 109615 Tang. 52.09 
86.12 Sine 9.999044 
10.113802 Tang. 52.25 
Comp. Vertical] 88.48 Sine 9.999905 
Angles, | 10.114663 Tang. 52.29 
83.48 Sine 9.997452 
10. 112210 Tang. 52.19 
78.48 Sine 9.991649 
To. 106407 Tang. 51.57 
73.48 Sine 9.982404 
10.097 62 Tang. 51.21 ! 
68.48 Sine 9.969567 
10.084235 Tang. 50.32 m 


= 


Latitude in the Afternoon. 
” 3 


L 


Thirdly, To find the ſeveral Courſes and Diſtances from Point 
to Point, having now the Latitude and Longitude of them ; this 
is done by Chapter 4, Section 3, Problem 2, of Mercator's 
Sailing, in Page 93. 


As for Example. To find the Courſe and Diſtance from A to d. 
There is given the Latitude of A 50d. oom. North, and of d 


god, 57m. North, with the Difference of Longitude 5d. or 300 
Minutes Welt, 


Their 
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Their Meridional Difference of Latitude (by the Table of 
Meridional Parts, in Pages 310 and 314) is 90 Minutes; 
Therefore, 


For the Courſe, the Proportion is; 


As Merid. Diff. Lat. Diff. Long. : : Radius -- T. of the Courſe. 
As go Minutes . 300 Min. : : T.45d. ++ T. 73d. 18 Min. 
N. Weſterly from A to d is the firſt Courſe, | 


For the Diſtance, the Proportion is, 


As S. c. Courſe . Diff. Lat. : : Radius · Diſtance. 

As S. 16d. 42m. . 57 Minu. : : S. god. 198.4 Min, from A 
to d. 

After the ſame Manner find the Courſes and Diſtances from d 
to e, from e to f, &c. as follows: 


For the Courſes, the proportions are; 
As 69 Min, . 300 Min. : : T. 45d. T. 77. 3 NW. from d to e 


46 —— 81.17 — from e to f 
27 8 _ 84.51 — from ftog 
6 . = - 88.51NW. from g to h 
* „ — 86.57 SW. from ; to i 
36 — 83.10 — from ĩ to x 
57 — 79.15 — from k to l 


5.15 — froml to m 


79 4 7 
As 5oMin. -- 156Min, : : T.45d. -- T.72d.14m.SW.frommtoC 
For the Diſtances, the Proportions are, 


As S. 12d. 57m. ++ 43 Min. ..: S. god. -- 191.9 Min. from d to e 


8d. 43m. ++ 29 = 191.4 — frometof 
5d. om. 16 178.2 — from f to g 
1d. om. 04 — 199.3 — from g to h 
34 oZzm. . 10 — 187.9 — from h to i 
d. 50m. ++ 22 — — 184.9 — fromitok 
10d. 45m. . 36 - 193.0 — from k to | 
14d. 45m. 49 — 192.5 — from l to m 
17d. 46m. 32 —— 104.9 — from mto C 


Which place orderly as in the Table following: 


N 2 Places 


3 = . — — 


— 
\D 
S 
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Places | Meri- Mer. Difference | Diff. | Cour/es from Diſtances 
Lati- | dional | Diff E Place to of 7 
tude, | Parts. | Lat. Long itude. Lat. Place. | Places. 


d. m. | Min. Min | d, m. Min.] d. m. Min. 
50.00 3474 20 7 or 300 57 N 73. 18 W 198.4 
$0-57__3564_ 69 507 309/43. 1N 77-03 W|_191:9 
424 3033 | 46 |5 or 300 29 N 81.17 WI 191.4 
— 3079 [731 5 or 300] 16 N 84.51 W 178.2 
$2:25 1.372? 1675 or 300| 04 N 88.51 W 199.3 
52:29] 371* | 16 |5, or 300. 10 |S 86.57 W 187. 

$2:19 | 3090 1:51"; or 307 22 |S 83:10 W 184-9 
125 2 5 or_3oo] 36 8 79.7 W 193. 
5 725 29. er 209 49 |S_ 75.15 W 192.5 
Rs | 4 50 E 328 72.14 1 104.9 


EEE 


———— mad 


4 


| The whole Diſtance is ——— 1822.4. | 


p 


But in Regard moft of the Courſes in the Table are fo near 
the Weſt, you may ſail N. 67d. 3om. Weſterly, or WNW. 940.4 
Min. until you are in the Latitude of 56d. oom. North; and then 
S. 67d. 3om. Weſterly, or W. S. W. 940.4 Min. farther, you 
will arrive at the Port deſired. - : 

By this Means you alter the Latitude 6d, which is conſicer- 
able in Reſpect to the Benefit of Obſervation, beſides the Diſ- 
tance (this Way) is about 59 Minutes more than that of a Great 
Circle, and about 43 Minutes more than the Parallel or W, 
Diſtance; which is evident if you compare Chapter 4, Section 3, 
Problem 10. of Mercator's Sailing, in Page 101. with this. 


Caſe 3. Tos Places differing both in Latitude and Longitude, their 
Lalitudes and Longitudes being given; to find their Diſlance in 
the Arc of a Great Circle, and all that is required in Great Circle 
Sailing. 


Vote; When two Places difler both in Latitude and Longi- 
tude, they lie neither in one Parallel, nor under one Meridian; 
of which there are three Kinds, viz. (1) One Place under the 
Equator, and the other in North or South Latitude; (2) Both 
Places in North, or both Places in South Latitude; (3) One 
Place in North Latitude, add the other Place in South LEW 

| | T hele 


— ——— ͤT—ñ—̃— 
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Of theſe three Kinds of Places, differing both in Latitude 
and Longitude, how to find their reſpective 5 

of a Great Circle, hath been ſhewed in Chapter 7, Section 2, 
Caſe 3, Problems 6, 7, and 8, of Geography, in Pages 185, 
186, 187, and 188, But to find the Angles of Poſition, and 


what elſe is requiſite in Great Circle Sailing, is the Work of 
the three following Problems. 


Caſe 3. The firſt Kind. One Place under the Equator, the «ther 
in North or South Latitude : As for Example. | 


Problem II. Suppoſe the Lizard and the Entrance of the River 
Amazones ; I demand the Angles of Poſition ? The Great Circles 
Diftance between them ? The Latitude of the Arc every 10 De- 


grees Difference of Longitude ® With the Courſe and Diſtance of 
tach of them according to Mercator? 


The Latitude and Longitude of theſe Places ſuppoſed to be as 
follows: 


3 n 40.57 N. 5 5.14 W. 
Amaxones River 5 Latitude 2 { Lon 


Their Difference of Longitude - - - - 44.42 W. 
This Problem is delineated by the Directions in Problem 6, of 
Geography, Page 186: And here note, That. 
In the Rectangle Spheric Triangle ZEN, Plate 6. Fig. 1. 
1. Z repreſents the Lizard. 
2. N the Entrance of Amazones River. 
3. The Leg JA the Latitude of the Lizard, 49d. 57m. 
4. The Leg EN their Difference of Longitude 44d. 42m. 
5. RN the Angle of Poſition at the Lizard. 
- 6. ANZ the Complement of the Angle of Poſition at Ama- 
zones in the Equator. 


* The Hypothenuſe ZN, the Great Circle's Diſtance between 
them. 5 
For the Angles NZ, or ZN (by Chapter 5, Section 4, 
Problem 5, Caſes 13 and 14, of Spheric Trigonometry Rectan— 
gular, in Pages 139 and 140) the Proportions are theſe, 
As Radius is to the Sine of the Latitude; fo is the "Tangent 
Complement of the Difference of Longitude, to the Tangent 


Complement of the Angle of Poſition at the Place havag Lati- 
tude : That is, 


iſtances in the Aro 
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As Radius « S. Leg EZ:: T. c. Leg EN. T. c. Angle EZ N. 
As S. god. S. 409d. 5 m.:: T. 45d. 18m... T. 37d. 43m. 
Which ſubtract from - - - - - 90d. oom. 


Reſts the Angle of Poſition at the Lizard - Sad. 19m. 

| And again, 

As Radius is to the Sine of the Difference of Longitude; fo 
is the Tangent Complement of the Lizard's Latitude, to the 
Tangent of the Angle of Poſition at the Place in the Equator ; 
That is, | | | 
As Radius -+S. Leg XN :: T.c.Leg EZ . T. c. Angle ANZ, 
As S. god. . S. 44d. 42m. : ; T. 40d. 03m. ++ T. god. 36m. the 
Angle of Poſition at Amazones, which ſubt, from god. oom. 


Reſts the Angle NZ - - < 59d. 24m. 

For the Hypothenuſe ZN the Great Circle's Diſtance be- 
tween them, that is found by (Chapter 7, Section 2, Caſe 3, 
Problem 6, of Geography, in Pages 185, and 186) to be 62d, 
47m. or 3767 Minutes. 

To find the Latitude by which the Arc ſhall paſs, at every 10 
Degrees Difference of Longitude, from Z repreſenting the 
Lizard; obſerve the following Stereographic Projection on the 
Plane of the Equator. Plate 6. Fig. 1. 

1. Deſcribe the Primitive Circle on the Center P, which 
repreſents the Pole of the World, through it draw the Right 
Circle PZ, repreſenting the Meridian of the Lizard, and 
from the Half- Tangents lay 40d. 03m. the Complement of its 
Latitude from P to Z. | 

2. On the Primitive Circle lay 44d. 42m. the Difference of 
Longitude from Æ to N; alſo lay 10 Degrees from to f, 
from f to g, and ſo on to i. 

3. Through Z repreſenting the Lizard, and N the Entrance 
of Amazones Riyer, draw the Great Circle as ZN. | 

4. Draw the Right Circle Pf, Pg, Ph, and Pi, which are 
Meridians, and cut the Arc ZN ina, b, c, and d, the reſpective 
Points or Places whoſe Latitudes are required. | 

5. Meaſure af, bg, ch, anddi on the Scale of Half- 
Tangents is contrary Way and they ſhew the Latitude of the 
Arc at thoſe Places; and to find them, l 1 

\ By Spheric Trigonometry. 

The ſeveral Right Circles a f, b g, &c. are ſo many Perpen- 
diculars to as many ſeveral Rectangular Spheric Triangles, which 
have one common Angle ZENZ, the Complement of the Angle 
of Poſition at that Place, which is in the Equator, 


Now 
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Now in each of theſe Rectangular Spheric Triangles, there is 
given a Leg, and it's adjacent Angle, to find the other Leg, which 
is the Leg oppoſite to the given Angle; that is, in the Triangle 
a f N, there is given the Leg f N, and Angle as a N f, to find 
the Leg a f, and fo in all the reſt of the Triangles. 

And the ſeveral Legs N f, N g, &c. are found by a continual 
Subtraction of 10 Degrees from the Difference of Longitude, till 
the Remainder be leſs than 10 Degrees; The Remainders 1 call 
Vertical Arcs, and are thus found ; 


d. m. 


From the Arc — EN 44 42 
Subtract the Arc A f 10.00 


— 


Then (by Chapter 5, Sec- 
tion 4, Problem 3, Caſe 7, of 
Spheric Trigonometry Rectan- 


N f 34-42, 


gular, in Pages 137 and 138) 
N g 24.42: 


to find the ſeveral Latitudes 
N h 14 42ſof the Arc, the Proportion is 
| N i 4.42 thus. f | 

As Radius is to the Sine of the Vertical Arc; 

So is the Tangent Complement of the Angle of Poſition (at 
8 4 in the Equator) to the Tangent of the Arc's Latitude ; 

r thus, 


As Radius -- S. Nf, Ng, &c. : : T. Angle a Nf+. T.Legaf, bg, &c. 


Remains the Leg 


As S. god. S. 34d. 42m. : : T.59d. 24m. ++ T. 43-54] 8 fa 
| 24 42 — 35-15% }: — 

14 42 —— 2313] 8 
42 = 57.3 3 d 


I have calculated the Latitude of the Arc for every 10 Degrees 
Difference of Longitude, but by the ſame Method the Practiti- 


oner may do it for each five Degrees, and then it will be more 
exact. 


The Courſe and Diſtance from each of theſe Points or Places 
are found (by Chapter 4, Section 3, Problem 2, of Mercator's- 


Sailing, in Pages 93 and 94) in like Manner as in the third Step 
of the laſt Problem, and is as followeth, 


For the Courſes, the Proportion is, 
As Mer. Diff. Lat. Diff.Long. : : Radius T. of the Courſe req. 


As 532 min. 60 Min. 1. 45d. 2 48 degrees 26min. SW. 
from to a | 


675 —— 22 a to b 
831 — 35 50 [SW. ) b toe 
958 —— — 32 04 ( from j e to d 
As 474. 282 Min.:: T. 45d. T. 30 45 d to 


N 4 Fer 
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2. For the Diftances, the Proportion is, | 


As S. c. Courſe .- Diff. Lat. : : Rad. Diſtance required. 
As S. 41d; 34m, . 363 Min.:: $.90+-547.1 Min. from Z toa 


48d. 22m. . 519— — 694.3 atob 
54d. 10M, ++ 722 — 890.6 , fom JÞtoc 
57d. 56m. -- 920 — — 1086.0 om Jetod 
309d. 15m. .. 47 J—=——— 550.4 d to N 


This may ſerve for a ſufficient Explination of this Problem, 
the whole is in the following Table: 


: I 8 Meri- Mer. Difference | Dif: Courſes on 

. J Lati- | dional |DifF.. of „ | fromPlace 0 

| tude. | 2. arts. Lat. Longitude. Lat. | to Place. of Places. 
Ry 1 Min. d. m.] d m.] d. m. Minutes 
Fry — 23210 or 600 6.03 S 48 26 | 547-1 
. 


23.1 -—|_831;10 of 600 12 02 8 35 50 W. 890.6 | 
3-13 — 958 10 or 600 15-20 8 32 04 W 1086.0 
07-53 | 474 474 4:42 fr 282 76-356 0 —— 


The whole Diſtance is 


EHE 


2 
0 
8 

O 


. 
1—— 
c 


3768.5 


8 
1 2 we 


— 


Caſe 3. The ſecond Kind; Both Places in North Latitude, or 
e both in South Latitude, as for Example: 

Problem 3. Suppoſe the Lizard and Ifland Barbadoes: I de- 
mand the Angles of Poſition; the © reat Circle's Diſtance 
between them-; the Latitude of the Arc at every 10 Degrees 
Difference of Long tude; with the Courſe and Diſtance from 
each Point or Place, according to Mercator? 


The Latitude and Longitude of theſe Places, ſuppoſed as 
follows: 3 5 


Lizard 3 f 4 49.57 N. 2 8:14: W, 
. Iſland of Barbadoe { Lat. 122 N. Long f 58. 50 W. 
Their Difference of Longitude is 53 36 W. 


This 


- 
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This Problem isdelineated Stereographically, bythe Directions 
in Problem 7, of Geography, in Pages 186 and 187. 
In the Oblique Spheric Triangle PZL. Plate 6. Fig. 2. 

1. Z repreſents'the Lizard, in Latitude 49d. 57m. North. 

2. L the Iſland Barbadoes, in Latitude 12d. 58m. North. 

3- The Side PZ the Complement of the Latitude of the 
Lizard, 40d. 03m. | | 

4. The Side PL the Complement of the Latitude of Barba- 
does, 77d. o2m. 

5. The Angle ZPL their Difference of Longitude 53 Deg. 
35 Min. FN | 

6. PZL R the Lizard. 

f plz The Angle of Poſition at} the INand of Barbadoes. 

8. The Side ZL the Great Circle's Diſtance between them. 

For the Angle PZL and PLZ, by Chap. 5, SeR. 5, Prob. q, 
Caſe 7, of Spheric Trigonometry Oblique, in Pages 144, 145. 
the Proportions are theſe ; | 


As the Sine of half the Sum of the Complement of both 
Latitudes, is to the Sine of half their Differeace ; | 

So is the Tangent Complement of half their Difference of 
Longitude, to the Tangent of half the Difference of the Angles 
of Poſition : Again, 

As the Sine Complement of half the Sum of the Complements 
of both Latitudes, is to the Sine Complement of half their 
Difference; | , 

So is the Tangent Complement of half their Difference of 
Longitude, to the Tangent of half the Sum of the Angles of 
Poſit on: But ſhorter thus, | E 

As S.; Sum Sides ++ S. 2 theirDiff. : : T. c. E ZPL «+» T. i Diff. Ang. 
As 5. 58d. 32m. . S. 18d. 29m. : : T. 63d. 12m. T. 36d. 21m. 

Again, 7 1 

As S. 4 Sumdide . Ste. kcheir Bil. : T. c. ZPL· T. Sum Ang. 
As S. 31d. 28m. .. S. 71d. 3im. :: T. 63d. 12m. T. 74d. 21m. 
Io which the half Difference above being added — 36d. 21m. 


LA — 


The Sum is the Angle of Poſition at Z —- IId. 40m. 


And ſubtracted is the Angle of Poſition at L - 38d. oym. 
For the Side ZL, the Diſtance is found (by Chapter 7, 
Section 2, Caſe 3, Problem 7 of Geography, in Pages 186 and 
187) to be 57d. om. or 3423 Minutes, which is their Diſtance 

in the Arc of a Great Circle. 44 
To find the Latitudes by which the Arc ſhall paſs, at every 
10 Deg. Difference of Longitude, from Z * . 
izard ; 
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Lizard ; deſcribe the Problem Gnomonically, and then all the 
Parts of it will be right Lines, which is thus done. 


The Problem Gnomonically delineated. 


1. Make the Angle LPZ equal to 53d. 36m. the Difference 
of Longitude. 

2. Make the Side PZ equal to the Tangent of 4od. 03m, 
the Complement of the Lizard's Latitude. 

3. And PL equal to the Tangent of 77d. 02m. the Comple- 
ment of Barbadoes Latitude. | 

4. Draw the Line L Z, which is the Great Circle's Diſtance 
between them, and continue it beyond Z. 

5. From P let fall the Perpendicular PB to cut LZ con- 
tinued, in B; whch being meaſured on the Scale of Tangents, 
is 36d. 58m. the Complement of the Arc's greateſt Latitude. 

6. Then draw Lines from P, each 10 Degrees diftant from Z; 
as Pa, Pc, Pd, Pe, and Pf, which are Meridians, each 10 De- 

of Longitude from the Lizard, and from each other, 

7. Meaſure Pa, Pc, &c. on the Scale of the Tangents, and 
they ſhew the Complements of the Latitudes of the Arc, at the 
reſpective Places, a, c, d, &c, 


Theſe are found by Calculation after this Manner, 


Firſt. In the Rectangle Spheric Triangle PB Z; there is 
OY { Hypot. PZ 40d. 03m. Leg BP. 
gen the ; Angle PZB 69d. 11m. {to hd the } Angle BPZ. 


Which by Chapter 5, Section 4, Problem 2, Caſes 4 and 6, of 
Spheric Trigonometry Rectangular, in Pages 136& 13), is thus, 


1. For the Leg BP, the Complement of the Arc's greateſt 
Latitude thus : 


As the Radius, is to the Sine Complement of the greater 
ven Latitude; 
So is the Sine of the Angle of Poſition (at that Place) to the 
$ine Complement of the Arc's greateſt Latitude ; That is, 
As Radius +» S. Hypot. PZ : : S. Angle PZ B. S. Leg. PB. 
As S. god. S. 40d. 03m. : : S. 69d. 11m, ++ S. 36d. 58m. 
which being ſubtracted from - - - - - - god. oom. 


reſts the Arc's greateſt Latitude - - - - - 53d 02m, 
2. For the Verticle Angle BPZ, it is thus: 
As Radius, is to the Sine of the greater given Latitude; 
So is the Tangent of the Angle of Poſition (at that Place) to 
the Tangent Complement of the Vertical Angle ; That w_ 
85 


8 


* 
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As Radius · 8,c.Hypot.PZ : : I. Angle ZB. T. c. Angle BPZ. 


As S. god. 8. 49d. 57m. :: T. 69d. 11m. . . T. 63d. 35m. 
which being ſubtracted from — — god. oom. 


Reſts the Vertical Angle B P Z 26d. 25m. 


Secondly, To find the ſeveral Latitudes of the Arc at a, c, d, 
&c. you may conſider, that the ſeveral dotted Lines, Pa, Pe, 
&c. are ſo many Hypothenuſes to as many ſeveral ReRtangle- 
Spheric Triangles, which have one common Leg PB, the 
Complement of the Arc's greateſt Latitude. 

In each of them, there is given a Leg, and it's adjacent Angle, 
to find the Hypothenuſe ; that is, in the rm BPa, there is 
given the Leg PB, and Angle BPa, to find the Hypothenuſe Pa 
and ſo in all the reſt, | 

And the ſeveral Vertical Angles BPa, BPc, BPd, &c. are found 
by a continual Addition of 10 Degrees, to the Angle BPz, 26d. 
25m. till the Sum exceed not 8od. o1m. the Difference of Lon- 
gitude given, added 1 the foreſaid 26d. 25m. That is; 

m. 
To the Angle BPZ 26 25 | Theſe Vertical Angles being 
Add the Angle ZPa 10 00 | |thus found, the ſeveral Lati- 
: — tudes of the Arc at a, e, d, e, 
BPa 36.25 and f, are found by Chapter 5. 
BPS 46. 25 Sect. 4. Problem 3. Caſe q. of 
dum is the Angle BPd 56.25 | Spheric Trigonometry Rectan- 
BPe 66.25 | gular, in Pages 137 and 138, 
BPf 76.25 | the Proportion being the ſame 
as before, in Caſe 2. Prob. 1. of this Chapter, in Pages 190 and 
193, and is as followeth ; 


As Radius, is to the Sine Complement of the Vertical Angle; 
So is the Tangent of the Arc's greateſt Latitude, to the Tangent 
of the Arc's Latitude required: Or thus; | 


As Rad. . S. Co. BPa, BPe, c.: : T. c. Leg BP. T. Pa, Pc, &c. 
ASS god... S. 53d. 35m. :: T. 53d. 02m. +» T. 46.55 
43d. 3m... 442.29 [Lati- 
33d. 35m. = - - - 36.19 Ftude 
23d. 35m. - - - - - - 28.00\ of 
13d. 35m, = - - - - - 17:20 
Which Lattuides place in the Table following. 


Thirdly, 


W a 


- v 
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| Places Mai Mer. . 577 Courſes |_ 
S Lati- | dional | Diff. | © of | from Place 
Qt tude. | Parts. | Lat. 2 Lat. to Place. 
2 d. m. * Min. d. m. d. m. d. m. 
_ 55 *57 ga 275 10 or 500 3.02 8 65.23 W 
EE fc er Fo 4-26 8 58.04 W 
Cc | 42.29 | 2821 7 Fs Bern ——— þ 
al 8 9 10 or 500 610 8 51.24 W| _ 
. 2—— RT" 591 jlo or 60c 8.19 S 45-26 W 
5 75 oy 1055 695 3.36 or 216] 19-40 8 40.48 W 
8 —-; 13:360r216| 4:22 8 38.33 W 
DF 353 ; 
| : The whole Diſtance—— 
Thirdly, The Courſe and Diſtance in the two laſt Columns 


of this Table, and found by Chapter 4, Section 3, Problem 2, 


of Mercator's Sailing, in Pages 93 and 94, in the ſame Manner 
as in the two laſt Problems of this Chapter; z thus, 


1. For the Courſes, the Proportion is, 
As Mer. Diff. Lat · Diff. Long: : : Radius ++ T. of the Courſe req, 


*. 275 * boom. : Nj 456; 32 65d. 2 3m. SW, from Z to a 
374 — - 58d. 04m. a to c 
47) — 51d. 24m. c to d 
591 — — 45d. 26m. from 4d te e 
695 — — 40d. 48m. e to f 


271. 216m. ; T2450 « T. 38d. 33m. f to L 


2. For the Diſtance, the Proportion is, 


As S. c. Courſe . Diff. L.:: Radius +» Diſtance required. 
As S. 24d. 37m. «+ 182Min, : : S. god. 436.9Min. from E to a 
31d. 56m. . 266 —502. 9 a to c 
38d. 36m. 370 — 593.1 © to d 
44d. 34m. -» 499 711.1 from id toe 
49d. 12m, . 640 845.4 etof 
51d. 27m. . 262 335.0 f.to L 


Thus is this ice Problem ſufficiently explained in every 
Part of it. 
* 3. The third Kind; One Place in North Latitude, and 

the other in South Latitude; as for Example. 


Problem 4. Suppoſe Cape Cod in New England, and Cape 
Bona Eſperance: I demand the Angles of Poſition ? The Great 

_ Circle's Diſtance between them: The Latitude of the Arc at 
every 


— ̃ᷓ R . ,, 


, 


er 


. n . Is * 2 
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every 10 Degrees Difference of Longitude? with the Courſe 


and Diſtance of each according to Mercator ? 


The Latitude and Longitude of theſe Places, ſuppoſed to be as 
follow ; . ; 
d. m. d. m. 


Cape Cod - - - 42 12 8. 4 * 55 Weſt. 
Cape Bona Eſper. { Lat. 34 07 8. Long, 19 35 Eaſt. 


Their Difference of Longitudlde - - - 88 30 Eaft. 

In the Oblique Spheric Triangle PZD. Plate 6. Fig. 3. 

1. Z repreſents Cape Cod, in Latitude 42d. 12m. North. 

2. D Cape Bona Eſperance, in Latitude 34d. om. South. 

3. The Side P Z the Complement of the Latitude of Cape 
Cod = 48m. | 

4. The Side P D, the Diſtance of Cape Bona Eſperance, from 
the North Pole, which is its Latitude added to go Degrees equal 
to 124d. om. 

5. The Angle ZPD their Difference of Longitude 88d. 3om. 

6. PZ D 4 p Ir . C Cod. 

p52 | the Angle of Poſition at ape Bona Eſperance. 

8. The Side ZD the Great Circle's Diſtance between them. 

For the Angle PZD and PDZ, (by Chapter 5, Section 5, 
Problem 9, Caſe 7, Page 144, &c.) _ Proportions are, 

d. 


m. d. m. 
22 124 07 The Angle DPZ 88 30 
Side 
PZ 47 48 


d. m.] The half is 44 15 
the Sum 171 55 The half Sum 85 88 ſub. from go oo 


— 
The Diff. 76 19 Thehalf Diff. 38 09 Its Complement 45 45 
As S. 2 Sum Sides +» S. their Diff. :: P. c. ZP D + T. Z Diff. Ang. req. 
As S. 85d. 5m. S. 38d. om. :: T. 45d 45m. . T. 32d. 27pm. 
As S. 04d. o3zm. . S. 51d. 5 im 33d. oom. 


Added, giveth the greater Anale PZD = = - 117d. 27m. 
Subtracted is the leſs Angle PDZ - - Sad. Zam. 


The Diſtance Z is found (by Chapter 5. Section 3. Caſe 3. 
Problem of Geography, in Fages 188 and 189) to be 111d. 
©gm. or 6659 Minutes. 

Jo find the Latitude by which the Arc ſhall paſs at each 10 
Degrees Difference of Longitude from Z, repreſenting Cape Cod, 


.deſcribe the Problem Stereographically on the Plane of the 


Equator, and then all the Meridians will be Right Circles. 
To delineate this Problem Stereographically, Plate 6. Fig. 3. 
8 1. De- 


1 
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1. Defcribe the Primitive Circle, and make the Angle DP 7 
equal to 88d. 3om. the Difference of Longitude (by Chapter i 
Section 1, Problem 2, Caſe 1, in Page 112, of Spheric Geomc. 
try) by drawing two Right Circles, 2 
2. Make the Side PZ equal to the half — of 47d. 48m. 
the Complement of the Latitude of Cape Cod. 
3 Make PD equal to the half Tangent of 124d. 2 (che 
Latitude of Cape Bona Eſperance added to god.) by Chapter 5. 
Se. 1. Prob. 6. Caſe 2. of Spheric Geometry, in Pages 116 


and 117. 

4. Then by Chapter 5, Section 1. Problem 4. of Spheric 
Geometry (in Pages 113 and 114) through Z and D draw a 
Great Circle. | 

5. From P (by Problem. 5, of Spheric Geometry, in Page 
114) let fall the Perpendicular PB, to cut Z D in B; which 
being meaſured on the Scale of Half-Tangents, is 41d. obm, 
the ä — of the Arc's greateſt Latitude. 

6. Then draw Lines from P, each 10d. diſtant in the Arc from 
Z; as Pa, Pc, Pd, Pe, &c. which are Meridians, each 10d. of 
Longitude from one to another, and from the Meridian of Cape 
Ced. 

7. Meaſure Pa, Pc, c. on the Scale of Half-Tangents, and 
they ſhew the Complements of the Latitudes of the Arc at the 
re ſpective Places, a, c, d, &c. f 
| Theſe are found by Calculation after this Manner, which is 
in all Reſpects like the Work of the laſt Problem. 

Firſt, In the Rectangle Spheric Triangle PB Z. 

t. For the Leg BP, the Complement for the Arc's greateſt 
Latitude, it's thus : | 
| As Radius -- S. c. Hypot. PZ : : S. Angle PZB -- S. Leg PB. 
| As S. god. S. 47d. 48m. :: S. 62d. 33m. + S. 41d. obm, 
Which ſubtrat from——— 90d. oom. 


| Reſts the Arc's greateſt Latitude 
| 2. For the Vertical Angle BPZ, it's thus: | 
| As Radius «+ S. c. Hypot. PZ :: F. Angle PZB . T. c. AngleBPZ. 
| As S. god. - S. 45d. 12m. :: T. 62d. 23m. «+ T. $24. 17m. 
| Which ſubtrat from — 90d. oom. 


48d. 54m. 


Reſts the Vertical Angle BPZ 37d. 43m. 
Secondly, For the ſeveral Latitudes at a, e, d, c. add 10d. 
to the Angle BPZ, (in Continuation) eight Times, which pro- 
duceth the ſeveral Vertical Angles, BPa, BPc, BPd, &c. 


e — — NS — — 


To 
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d. m.] Theſe Vertical Angles being 

To the Angle BPZ - 37.43| thus found, the ſeveral Lati- 
Add the Angle ZPa - 10. oo] tudes of the Arc, at a, e, d, e, 

f., g, h, and i, are found 

BPa 47.43 | Chapter 5, Section 4, Prob- 

BPS 57.43 | lem 3, Caſe , of Spheric Tri- 

BPd 67.43 | gonometry Rectangular; the 

7. — being the ſame as 
| BPf 87.43 | before in Caſe 2, Problem 1, of 


Sum, is the Angle 


BPg 97.43 | this Chapter, in Pages 193, and 
Bh 10). 43 194, as follow; 


As Radius is to the Complement of the Vertical Angle; 
So is the Tangent of the Arc's greateſt Latitude, to the Tan- 
gent of the Arc's Latitude required: Or thus, 


As Radius -- S. c. BPa, BPc, c.: T. c. Leg BP. T. c. Pa, 
pe, Pd, Ec. | 


As S. god. S. 42d. 17m. : : T. 48d. 54m. 1 37.38 


a 
32d. 17m. — — 31.29 lc 
22d. 17m. — 23.30 4 
12d, 17m. — — 13.421 1 Je 
ozd. 17m. — — 302.37 f If 
07d. 43m. — 08.45 K | 
17d. 43m. * — 19.14 
27d. 43m. — — i 


Thirdly, For the Courſes, and Diſtances, they are found by 
Chapter 4, Section 3, Problem 2, of Mercator's Sailing, in Pages 
93 and 94, as follow, | 


For the Courſes, the Proportion is, 


Mer. Diff. Lat.. Diff. Long. : : Radius -- T. Courſe. 
As 358 Min. 600 Min.:: T.45d. -» T. 59d. 11m.SE.fromZtoa 


448 — — 53d. 15m. a to c 
541 — —— 47d. 58m. e to d 
621 — 44d. oim. S Id toe 
673 ———— — 41d. 43m. & Jetof 
684 — | 41d. 15m. * f Og 
Sg: — 42d. 45m. I Ig to 
580 = 45d. 58m. 7 h to i 


As 423 Min 510Min. >: T. 45d. T. 50d. 29m, } (i to D 


2. For 
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2. For the Diſtance, the Proportion is, 


As S. c. Courſe -» Diff. Lat. : : Radius . Diſtance required. 
S. 33d. 49m. ++ 274 Min.:: S. god. «+ 534.9m. from Z to a 


36d. 45m. . 369 — — 616.7 a to c 
42d. 02M. ++ 479 715.4 c to d 
45d. 50 m.. . 588 — 817.6 d. to e 
48d. 17m. . 665 — — 890.9 f e to f 
48d. 45m. . 582 — — 90.1 rom If to g 
47d. 15m. .. 629 —————— 856.6 g to h 
44d. 02m, . 530 — | — 762.5 h to i 
39d. 40m. 363 — 568.7 i to D 


Which place orderly, as in the Table following, and it is finiſhed, 


| f|02.37N| 157 


2.08.45 8 $27 


h 19.14 1176 


—— — 


= Places | Meri- | Merid. | Difference | Diff. | Courſes | Di. 
ALati- dional | Di. ef 3 5 rom Place of | 
|S] zude. | Parts.| Lat. Longitude. Lat. | to Place. Places. 
r e Min. Min. fd m. d d "2 bs, 
. . . « MN, d. Mm. Min. 
2 22 N 270 |__358 {10 or Go 4.34 |S 59.11 EI 5349 | 
TX 
72 22 7 - 541 flo or 600] 7.59 8 47.58 E| 715.4 | 
K N 621 flo or 600 9.48 |S 44.01 E| 817.6 
e 13.42 _|_ 830] 673 [0 or 600 11.05 | 41.43 E| 890.9 


684 


_649 
580 


1 28.04 | 1756 


| 


— 


10 or 600 11.22 |S 41.15 E 907.1 
10 or 600 10.29 8 42.45 E 856.6 
10 or 6oo| 8.50 |S 45.58 E| 762, 


8.300rg1o| 6.03 |S 50. 20 E| 568.7 


| D, 34-07 
The whole Diſtance is 6670 4 


M 


— 


Note; The Arc of a great Circle may be deſcribed on a 
Mercator's Chart, and thereby much of the calculative Work 
ſpared ; for having the ſeveral Latitudes of the Arc at every 

„or 10 Degrees Difference of Longitudes, by Chapter 4. 
Section 1. Problems 1 and 2. of the Uſe of Mercator's Chart, 
in Pages 84 and 85, thoſe Places may be marked down in the 
Chart, and then with a Black Lead Pencil, draw Lines from 
Place to Place, which will repreſent the Great Circle, and by 
Problems 3 and 4. of the Uſes of that Chart, in Page 85, 


ak 


; bY 


. 7 + : 
740 . 
% . 2 4 ' SI 
Py Tn 7 114 ' 11 — 
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1 1 % „ . III - 
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me Coutſes and Diſtances from each other may be found, and at 
any Time thoſe Lines may be wiped out, and the Chart fit to 
ſerve at any other Time, or for any other Place. ph 

So that any Problem, being thus drawn, in a Mertator': Chart, 
the nearer a Ship ſails to it, the nearer to a Great Cit cle ſhe makęs 
her Way good, and conſequehtly' the ſhorter her Paſſage, ill 
this is the chief Uſe, and Application of Great Circle Sailing, of 
which I. have given ſufficient: Explanation. , * | 

Thus s finſſhed the Third" Part of Navigation, or the Third 
Kind of Sailitig,, and now we paſs to Altronamyůũy. 


* . * 
1 ee ee . 
4 . 


— — 


K 


CHARTER IK. 


Spheric Trigonomery 1 e in ſundry Aſtronom ic Problems, 
A  wfeful in the Art of Navigation. 
MW FAT a Sphere or Globe is, and the Circles generally drawn 
8 an it, hath been taught (Chap. 6. Sect. 2, and 3.) in 
the Deſcription of both Globes : But how theſe are drawn on 2 
Plane, and form divers Triangles (from whence a great Variety 
of uſeful and pleaſant Problems may be framed) is our preſent 
Work. "NO 5 ks 
Section I. Afronomic Definitions... ; 
. Circles drawn upon the Surface of the Sphere are either 


reat, or Leſs Circles. 


I. The Great Circles, and their Poles defined, 
«* Great Circles, are thoſe which divide the Globe, or Sphere ind 
two equal Parts, and are principally theſe Six; the Equinoctial, 
Eeliptic, Meridian, Horizon, Circles of Longitude and Azimuth, 
1. The Eguinodtial, is a great Circle which lies in the Middle, 
between the two Poles of the World, and conſequently each Pole 
is 90 Degrees diſtant from it, cutting all Meridiahs at Right 
Angles,'and divides the World into the Northern and Southern 
9 1 as the Right Circle Æ AQ in Plate 7. Figure 1 
wo | „ 003 ee 

The Poles of the World are two fixed Points in the Heavens, 
diametrically oppoſite to each other, the one in the Northern 
Hemiſphere, called the (Artic or) North Pole, the other in the 
Southern Hemiſphere, called the (Antartic or) South Pole, as 
Fand f. Plate 7. Figure 1 and 2x2. | 25 

The Axis of the World, is an imaginary Line drawn from 
Pole to Pole, about which the Diurnal Motion (according to the 
Copernican Syſtem) from Weſt to Eaſt, is performed; as AI. 

2. The 


& 


% Aſronomic Definitions. Chap, 1X, 
2. The Ecliptic is a Great Circle croſſing the Equinoctial 


in (two oppoſite Points) the Beginging of Aries, and: Libra, 


making an Angle (called i 2 Qbliquity) of 23d. 29m, as the 
Ri he Circle, — A VS. ge T 


© This Circle is divided into 15: Aw equal Parts. called Signs, 
exch 3 30 deg. whoſe Names and Chdraers follow. 
"oh | \ Libra a> 


| Scorpio ' .,. | 

| + Cepricornas Vp. a 5 
Aquarius 5x 8 
Pi Wer X „ 


The Zodiac, is 2 Zone or r'Girdle, having ight Degrees of 
Latitude on each Side the Ecliptic ; in which Space the Planets 
make their Revolutions, being divided and diſtinguiſhed * the 
Twelve Signs. 

The Poſes of the Eeliptic, are two oppoſite Points 23. 291m. 
diſtant from the Poles of the World; as K and L. 

3. The. AMAeridians are great Circles, paſſing, through both 
Fo es of the World, and croſs the Equinoctial at Right Angles, 
as PE, PMI, PRI. Plate 7. Fig. 1 and 2. 

The Colures, are two Meridians, dividing the Equinoctial and 
Ecliptic into four equal Parts ; one of the del paſſerh by the L * 
noctial Points Aries and Libra, and is called the 2 
Colure; as PAI. Plate 7. Fig. 1 and 2. 8 

The other paſſeth by the Beginning of Cancer and c: ricorn, 
and is called the Seſſtitial Colurg 3 ;.as Ps AlypQ. Plats 7. 


1. 
Te gun' 8 Meridian, is chat Meridian which paſſeth, over the 


un's Center. 


' AStar's FIG is that Meridian which paſſeth through the 
Middle of that Siar. 

4. The Herizan, \ is a great C ircle go Deg. diſtant from the Ze- 
dich and Nadir, cutting all Azimuth, Circles at Right Angles, 
and dividing the World into two equal Parts, the upper and viſi- 
ble Hemiſphere, and the lower and inviſible Hemiſphere. Tnis 
Circle is repreſented by the Right Circles SAB. Plate 7. Fig. 2. 
The Zenith and Nadir, are two Points diametrically oppoſite, 
and are the Poles of the Horizon : The Zevith is the Vert cal 
Point, or Point right over our Heads, as Z; the Na lir is 
W oppoſite thereto, as N. Plate 7. Fig. 2. 

he Azimuth, or Vertical Circles, are great Circles. con- 
curring and inter ſecting each other in the Zenith and Nadir, 


- 
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and croſs the Hotizon at Right Angles, as ZCN; ZAN, &c. 
Plate 7. Fig. 2, 2 * wy 4 „ 4 Ude 

The Prime Vertical, is that Azimuth Circle, which paſſeth 
through the Eaſt and Weſt Points of the Horizon, as the Right 
Circle ZAN. | 
The Meridian of a Place, is that Meridian which paſſeth 
through the Poles of the World, and the Zenith and Nadir of 
the ſaid Place, as PBNIS/EZP. Plate 7. Fig. 2. . 

6. Circles of Longitude, are Great Circles interſecting each 
other in the Poles of the Ecliptic, as KAL, or KVL. Plate. 7. 
Figure I, I | | 


Il. The Leſs Circles defined. 


'Leſs or Small Circles, are thoſe which divide the Sphere into 
two unequal Parts, and when drawn parallel to ſome Great 
Circle, are called Parallel Circles ; they are of three Kinds, viz, 
Deralll .of Declination, Parallels of Latitude, and Parallels f 

ltitude, EEG 


1. Parallels of Declinatien, are (leſs Circles) parallel to the 
Equinoctial, imagined to paſs through every Degree and Minute 
of the Meridian, between the Equinoctial and each Pole of the 
World, as 3 fg, ypht. Plate 7. Fig. 2. | 

The two Tropics, are Parallels of Declination, 23d. 29m. 
diſtant from the Equinoctial, limiting the Sun's greateſt De- 
clination either North or South. 


The North Tropic, paſſeth by the Beginning of Cancer, and is 
called the Tropic of Cancer; as 3 fg. Plate 7. Fig. 1. 


The South Tropic, paſſeth by the Beginning of Capricorn, and 
is called the Tropic of Capricorn; as Mh i. Plate 7. Fig. 1. 
The Polar Circles, are Parallels of Declination, 66d. 31m. 


diſtant from the Equinoctial, and 23d. 29m. from each Pole of 
the World. | 


That which is adjacent to the North Pole is called the Artie 
Circle; as K no; and the other the Antartic Circle; as Lp r. 
Piate 7. Fig. 1. | 
2. Parallels of Latitude, are (leſs Circles) parallel to the 
Ecliptic, imagined to paſs through every Degree and Minute of 
the Colures, between the Ecliptic and the Poles thereof, as 
wxy. Plate 7. Fig.1. | 

3. Almicanters, or Parallels of Altitude, are (ſmall Circles) 
parallel to the Horizon, imagined to paſs through every Degree; 
and Minute of the Meridian, between the Horizon an! the 
Zenith, as alt. Plate 7. Fig, 2. 
1 O 2 Thels 
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Theſe Definitions com with Chapter 6. Section 4, (of 

the Uſe of the Cceleftial Globe, in Pages 168 and 169, and well 
12 will make Way for the underſtanding the following 
NC TS un 7 


Sion II. Spheric THyonmmetry Reffangular, applied in Iſtrono- 
ns | b Problems, uſeful in D a 2 | 
AND becauſe the Sun's Place in the Ecliptic, is the Ground 

of the ſucceeding Problems, you have here (out of Mr. 
omas Street's Memorial Verſes on the Eccleſiaſtic and Civil 
Calendar) a General Rule; which for common Uſes may ſerve, 
and is as follows: 8 


t. To know the Day of the Month the Sun entereth any of the 
Twelve Signs. | £3138 7 | 4 
The Rule. Twice Twenty, twice one, four threes, twice two, 

Then twenty, nineteen, that will do. 
That is, counting March the firſt Month, the Sun enters 
Y March 20 & Fuly 23  ' # November 22 
April 20 in Auguſt 23 W December 22 
wm Hay 21 & September 23 * January 20 
% June 21 m, October 23 N February 19 
2: To find the Degree of the San's Place on any given Day. 
The Rule. Fromthe Day of the Monthgiven, (if you can) ſub- 
tract the Day of his Entrance into the Sign of that Month, the 

Remainder is the Degree of the Sun's Place in that Sign, Or elſe, 

When you cart ſubtract, add 30 to the Day given; and from 
the Sum ſubtract the Day of his Entrance into the Sign of that 
Month, the Remainder will be the Degree of his Place in the 
Sign preceding the Month given. * an 

Example 1. March 31ſt. I deſire to know the Sun's Place? 

From March the 3 iſt, the Day given, ſubtract the Sun's En- 
trance, Y March 20. 1 = 

The Remainder 11 is the Degree of the Sun's Place in V. 


Example 2. . e, 15th. I defire to know the Sun's Place? 


To the Day given, May the 1 5th. 
Add — — 
Sum is 4s from which 


ſubtract the Sun's Entrance in x May 21 


Remainder is the Sun's Place in & — 24 Degrees, 


Problem 
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Problem 1. The Sun's Place in the Ecliptic, and his greateſt 
Declination given; to find his Right Aſcenſion, and preſent 


Declination. 


Definition 1. Aſcenſion, is the Riſing of the Sun, Star, or any 
Part of the Equinoctial above the Horizon, and Deſcenſion is 
the _ thereof, | 

2. Right Aſcenſion, is an Are of the EquinoQial, interceped 
between the Beginning of Aries, and any Meridian, and counted 
according to the Order, or Succeſſion of the Signs. Or, it is 
that Degree and Minute of the Equinoctial (counted as before) 
which cometh to the Meridian with the Sun, Star, or With any 
Part of the Ecliptic; as AM. Plate 7. Fig. 1. | 

3. Declination, is an Arc of a Meridian contained between the 
Sun, or Star's Center, and the Equinoctial, as MC. | 

4. The Sun's greateſt Declination is an Arc of the Solſtitial 
Colure, contained between the Equinoctial and the Ecliptic, 
and is equal to 23d. 29m. as ZE 93, and QQ. Plate 7. Fig. 1. 

Example. The Sun being in 24d. 15m. of Taurus: I demand 
his Right Aſcenſion and Declination ? . 

In the Rectangle Spheric Triangle AMC. Plate 7. Fig. 1. 

1. AMC the Right Angle. 

2. AC the Sun's Longitude from the next Equinoctial Point. 

3. AM his Right Aſcenſion from the ſame Point. 


4+ MAC the e Declination, equal to 23d. 29m. 
5. MC his preſent Declination, | es 


Note, the Sun in Y, 8, K, W, , ; the neareſt Equi- 
noctial Point is the Beginning of Y : But when the Sun is in 
g, A, m, , M, T; the neareſt Equinoctial Point is &. 

So that in this Problem, the Sun being in & 24d. 15m. he is 
54d. 15m. from the neareft Equinoctial Point V. 

To 4 this Problem Stercographically on the Plane of the 
Solſtitial Colure. . | 
| I. Deſcribe the Primitive Circle with a Chord of 60 Degrees, 
2nd quarter it with two Right Circles, AAQ (the Equinoctial) 
and PAL (the Equinoctial Colure) placing A at the Center of 
the ſaid Primitive Circle, which now is the Solſtitial Colure. 

2. Make (by Problem 2. Caſe 1. of Spheric 3 in 
Page 112.) the Angle A © equal to 23d. 29m. (the Sun's 
greateſt Declination) by laying the Chord of it, from A to S, 
and drawing the Right Circle 25 A M the Ecliptic.. 

The Ecliptic is divided into 12 Signs, each 30d. from 
the Scale of Half-Tangents, by Problem 6, Caſe 2, of Spheric 
Geometry, in Pages 116 and 117. 4:47 


O 3 | „ 
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4. On the Eeliptie make A C equal to 54d. 15m. (from the 
dee of — by the fame Problem 6. Caſe 2. 


5. Then (by Chapter 5, Section 1, Problem 5, Caſe 3, of 
Spheric Geometry, in Page 115) draw through C a Great Circle 
Perpendicular to AQ, as is the Oblique Circle PCMI, to cut 
AO in M, and it is done. 

For in the Rectangle - Spheric- Triangle AMC, the Legs AM, 
and MC are the two Things required, and may be meaſured by 
Chapter 5, Section 1, Problem 7, Caſes 2 and 3, of Spheric. 
Geometry, in Page 118. 5 

But by Spheric T riganometry, having the Hypothenuſe and 
one Angle given, the Proportions are as follow : | 
1. To find the Sun's Right Aſcenſion, by Chapter 5, Section 

4, Problem 2, Caſe 5, of Spheric Trigonometry Rectangular, 
in Pages 136 and 137, it is thus; 

As the Radius, is to the Sine Complement of the Sun's 
greateſt Declination ; | | 

So is the angent of the Sun's Longitude from the neareſt 
Equinoctial, Point to the Tangent of the Sun's Right Aſcen- 
ſion, from the ſaid Point: Or thus; | 
As Radius ++ S. c. Ang. MAC:: T. Hypot. AC. T. Leg. AM. 
As S. god. «+ S. 66d. 3im. :: T. 54d. 15m. .. T. 51. 52m. 

Note; This Proportion finds the Sun's Right Aſcenſion only 
when he is in the firſt Career of the Ecliptic ; that is, in V, N, 
or : But when the Sun is in the ſecond Quarter 8, A, m, 
it muſt be ſubtracted from 180d. and when he is in , iq,, or 
, it muſt be added to 180d. and in the laſt Quarter M, x, or 
, that found by this Proportion, muſt be ſubtracted from 360d, 
and ſo you will have the Sun's Right Aſcenſion from V, (for 
any Place in the Ecliptic) defired.' ' ' © | 

2. To find the Sun's preſent Declination, by Chapter 5, 
Section 4, Problem 2, Caſe 4, of Spheric Trigonometty 
Rectangular, in Page 1 36, it is thus; £ 92 

As the Radius, is to the Sine of the Sun's Longitude from 
the neareſt Equinoctial Point V 20 

So is the Sine of the Sun's greateſt Declination, to the Sine of 
the Sun's preſent Declination. Or thus + 
As Radius , S. Hypot. AC:: S. Angle MAC --S. Leg MC. 
As 8. god. . S. 54d. 15m. :: 8. 23d. 29m. . . S. 18d. 52m, 

Note, The Sun being in any of the Northern Signs, V. U, 1, 
, H. or un, his Declination is North ; but when in any of the 
Southern digns &, M,, , Vp, xx, or M, his Declination is South. 

In this Retangle-Spheric-Triangle AMC (Plate 9. Fig. 1.) 


O 


may the two ſueceeding Problems be ſolved. : 


Problem 
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Problem 2. The Sun's Right Aſcenſion given; to find his 


Place in the Ecliptic, and his Declination ; 

Example. The Sun's Fight Aſcenſion 128d. gm, where is 
his Place in the Ecliptic, and what is his Declination? 

Here is one Leg and its adjacent Angle given; to wit, the 
Leg AM 519d..51m. the Right Aſcenſion (ſubtracted from 180d.) 
and Angle MAC 23d. 29m. the Sun's greateſt Declination; 
which Triangle is made by Problem 12, of Spheric Trigonome- 
try Geometric, in Page 125, and its Solution is by Chapter 5, 
Section 4, Problem 3, Caſes 7 and q, of Spheric T rigonometry 
Rectangular, in Pages 137 and 138: Or thus; | 

1. For the Sun's Place ia the Ecliptic, it is thus 
T.LegAM -- Radius : : S. c. Angle MAC. T. c. Hypot. AC. or 
As Radius +» S. c. Ang. MAC:: T. c. Leg AM . T. c. Hypot. AC. 
$. 90d, ++ S. 66d. 31m..: : T. 38d. om. T. 35d. 46m. 

Which ſubtract from—————-——-———g0d, oom. 


Refteth the Sun's Longitude —— 54d, 14m. 

wanting of a; ſo that his Place is 5d. 46m, in &. 
2, For the Sun's preſent Declination, it is thus : 

As T. c. Angle MAC. Radius:: S. Leg AM . T.LegMC, or 
As Radius +S. Leg. AM: : f. Angle MAC. T. Leg MC. 
As S. god. . S. 51d. 5Im.:: T. 23d. 29m. . T. 18d. 52m. 
the Sun's Declination North decreaſing. 

Problem 3. The Sun's Declination given; to find his Place. 
in the Ecliptic, and Right Aſcenſion ; b 

Example. The Sun's 16d. 39m. South increaſing: 
I demad his Place in the Ecliptic, and his Right Aſcenſion? 

Here is 2 Leg and its oppoſite Angle given; that is, the Angle 
MAC 23d. 29m. the Sun's greateſt Declination, and the Leg MC 
16d. 39m. his 77 Declination, which Triangle is made by 
Problem 13, of Spheric Trigonometry Geometric, in Page 126, 
whoſe Solution is hy Chapter 5, Section 4, Problem 4, Caſes 10 
and 12, of Spherie Trigonometry Rectangular, in Pages 138 and 
139, thus; 1, To find his Place in the Ecliptic, it is thus: 
As S. Angle MAC +» Radius:: S. Leg MC. S. Hypot. AC. 
As S. 23d. 29m. «+ $.90d, : : S. 16d. 39m. ++S. 45d, 5gm. _ 
the Sun's Longityde beyond , becauſe his Declination is South 
increaſing ; fo that the Sun's Place is 15d. 50m, in 7. p 
2, For his Right Aſcention, it is thus ; 
Radius · T. c. Angle MAC:: T. Leg MC., S. Leg AM. 
T. 45d... T. 60d. 31m. :: T. 16d. 30m. . S. 43d. 3om. 

To which add ———— w——0.. ZOMs 


The Sum is the Sun's Right Aſcenſion 223d. 3om. from V. 
O 4 Problem 


— —- ES — — — - — 


Latitude 51 31 


216 fre filers Chap IN 


Problem 4. The Latitude of a Place, and the Sun's Declination 
given; to find the dun's Amplitude, and Aſcenſional Difference, 


"'Detnition 1. Latitude of a Place, or Latitude upon the 
Earth, is an Arc of the Meridian of that Place, contained be- 
twern the Zenith (of that Place) and the Equinoctial Z; 
equal thereunto is the Height of the Pole aboye the Horizon, 
RR. Fs 4.7 .. : | 

2. Amplitude, is an Arc of the Horizon, contained between 
the Center of the Sun or Star at Riſing or Setting, and the 
Equinoctial, and ſheweth how far they riſe or ſet from the Eaſt 
or Welt Points of the Horizon; as AR. Plate 7. Fig. 2. 


3. Aſcenſimal Difference, is the Difference between the Right 
Aſcention, and the Oblique Aſcenſion, or Deſcenſion: Or it is 
an Arc of the Equinoctial, contained between the Hour Circle of 
fix, «nd. that Meridian which paſſeth through the Sun or Star's 
Center, or any Point of the Ecliptic, in their Riſing, or in their 
Setting. 5 | „3 

4. Oblique } 5 5 f is an Are of the Equinoctial contained 
between the Beginning of V, and that Part of the Equinoc- 
tial that ö _ 4 with the Center of the Sun or Star, or 
with any Point, Part, or Portion of the Ecliptic, in an Oblique 
8 b 2. | ' i n3 | 2 43 4 2 3 Fat 
d. m. Example. 


Pe . 7, Amplitude. 
Sun's Dec. 2 2% } North given 3 What is bis} Aſceni, DIE. 
In the Rectangle Spheric Triangle PBR. Plate 7. Fig. 2. 
. ont TEES: 
2. PB the Latitude, or Height of the Pole above the Horizon. 


+ 


3. PR the Complement of the Sun's Declination. 

4. BR the Complement of the Sun's Amplitude. 

5. BPR the Complement of the Sun's Aſcenſional Difference: 
To project jt Stereographically on the Plane of the Meridian. 
1. The Primitive Circle being deſcribed and quartered (as for- 
riy) with two Right Circles SAB the Horizon, and (Z AN) 

the Prime Vertical ;-with A at its Center. Plate 7. Fig. 2. 

2. On the Primitive Circle lay the Latitude 51d: 31m. from 

B to P, and from Z to E, by Problem 5, Cale 1, of Spheric 

Geometry, in Page 116, and draw the two Right Circles PAL 

for the Axis of the World, or Hour Circle of Six, and EAQ 

the Equinoti e eee 


3. Then 


. 
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Then (by Problem 9. Caſe 2, of Spheric Geometry, in 
page 121) draw SOlfRg parallel to EAQ, at 23d. 29m. 
(the given Declination) from it, to cut the Horizen S A B in R, 
the Place of the Sun's Riſing and Setting. 

4. Through P, R, and I, draw an Oblique Circle, and it is 
done: For in the Rectangular Spheric Triangle PBR, the Leg 
BR, and Angle BPR are the two Things required, and may 
be meaſured by Problem 7 and 8, of Spheric Geometry, in Pages 
117, 118, and 119. | 7 

ut by Trigonometry, having the Hypothenuſe PR 66d. 31m. 
and Leg BP 51d. 31m. given, the Proportions by Chapter 5, 
Section 4, Problem 1, Caſes 1 and 3, of Spheric Trigonome- 
try ReQtangular, in Pages 135, and 136, are thus; | 

1. To find the Sun's Amplitude, the Proportion is, 

As the Sine Complement of the Latitude, is to the Radius : 

So is the Sine of the Sun's Neclination, to the Sine of the Sun's 
Amplitude. Or thus f | 
As S, c. Ley BP-. Radius:: S. c. Hyp. PR.. S. c. Leg BR. 
As S. 38d. 29... S. god. :: S. 23d. 29m. . 8. 39d. 49m. 

Nete; The Amplitude and Declination are ever of one Name, 
that is both North, or both South. 

2. To find the Aſcenſional Difference, the Proportion is; 

As the Radius, is to the Tangent of the Latitude; 

So is the Tangent of the Sun's Declination, to the Sine of 
the Sun's Aſcenfianal Difference. Or thus; 

As Radius . T. Leg BP : : T. c. Hyp. PR. S. c. Angle BPR. 
As T. 450. „FT. 5 id. 3im.:: T. 23d. 29m. ++ S. 33d. o8m. the 
Sun's Alcenſional Difference. 


Problem 5. The Latitude of a Place, and the Sun's Declination, 
given; to find his Oblique Aſcenſion or Deſcenſion ? 
The Rule. 1. Find the Sun's Right Aſcenſion by Problem 3. 
and the Aſcenſional Difference by Problem 4. Then, 
2. When the Latitude and Declination are both North, or 
both South, the Aſcenſional Difference added to, and ſubtracted 
from the Sun's Right Aſcenſion, the firſt is the Oblique Deſcen- 
fion, the latter is the Oblique Aſcenſion. 5 | 
3. When the Latitude and Declination are one North, and the 
other South, add and ſubtract as before; the firft is the Oblique 
Aſcenſion, and the latter is the Oblique Deſcenſion. 
Nate; When you cannot ſubtract, add 360 Degrees to the 
ight Aſcenſion, and then ſubtract; alſo when you have added, 
if the Sum exceeds 360 Degrees, ſubtract 360 Degrees therefrom, 
the Remainder is the Thing required. | 


Example 
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Example. Lat. 5 id. 21m. North — 7 = 

Jus Deatin? I 1 4om. South decreaſing { given; what 18, 
kis Oblique Aſcenſion and Deſcenſion ? 
| 1. For the Sun's Right Aſcenſion, it is thus? * 
As Radius «+» T. c. Angle MAC:: T. Leg. MC.. S. Leg AM. 
> „T. ny 31min, : : T. 15d, 4om, -- S. 40d. 12, 
W rom — 


ich ſubtract — bod. oom. 
: Remainder is the Sun's Right Aſcenſion 319d. 48m, 
rom F. | 


2. For his Aſcenſional Difference, it is thus; 

As Radius . T. Latitude ; ; T. © Declin. . S. © Aſcen, Diff, 
As T. 45d. T.51d.31m.: : T. 15d. gom. -+ S. 20d. 3om. 

Right Aſcenſion found above 319 48 fro. V. 

Added is the Sun's Oblique Aſcenſion — 340 27 

Subtracted is the Sun's Oblique Deſcenſion 299 09 
Problem 6. The Latitude, and the Sun's Declination given; ta 

find the Time of the Sun's Riſing and Setting, and the pp of 

the Day and Night ? : | 

The Rule. 1. Find the Sun's Aſcenſional Difference by Prob- 
lem 4. in Pages 216 and 217, which is reduced into Time, by, 
allowing as hereunder. 


15d. oom. 1. Hour — 
1d. oom. f for q 0.04. Minutes of Time; 
cd, 15m. 0.01. Minute 


2. The Sun's Aſcenſional Difference (being reduced inta 
Hours and Minutes) added to, and ſubtracted from 6 Hours, the 
one is Sun-rifing, and the other is Sun-ſetting. 

Note; When the Latitude and Declination are both North or 
both South, the Sun riſeth before, and ſets after Six. But if ons 
be North, and the other South, he then riſeth after, and ſets be- 
fore Six of the Clock. | | 

2. Double the Hour of Sun-ſetting, gives the Length of the 
Day; alſo double the Time or Hour of Sun-riſing ; gives the 
Length of the Night. | 

Example. Latitude 51d. 31m. North, Sun's Declination 23d. 
29m. North given; the Sun's Aſcenſional Difference, by Prob- 
lem 4, is 33d. o8m. equal in Time to 2 Hours, 12 Minutes, 
32 Seconds. Therefore the Work is as follows. : 


h,1 9 
d. m. 6.00.00 
Aſc. Diff. 33. 38, or S. 12. 32 88 kh tf 
Add, is Sun-ſetting=8.12.32 {Len Y Day is= 16.25. 4. 
Subt. is Sun-riſing 3.47.28 1 Night is 7-34-56: 
—9 * n 
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In the ſame Rectangle Spheric Triangle PBR (Plate 7. Fig. 2.) 
may the five next ob Problems be reſolved ; which are 
for the Learner's Exerciſe, | 
Problem 7. Latitude of a Place, and the Sun's Aſcenſional Dif- 
ference given; to find his mw ance" ys 3 5 
Latitude —41d.: 47m. South. 
Example. The Sun riſeth at — 7d.: 3om. IN 
Here is a Leg, and its adjacent Angle given; that is, th 
Leg BP 41d. 47m. the Latitude, and the Angle BPR 4h. zom. 
or 61d. zom. the (omplement of the Sun's Aſcenſional Diffe- 
rence ; which Triangle is made by Problem 12, of Spheric Tri- 
"nometry Geometric, in Page 125; and for its Solution, ſee 
hapter 5, Scion 4, Problem 3, Caſes 8 and q, of Spheric Tri- 
gonometry Rectangular, in Pages 137 and 138, and is thus; 
1. For the Sun's Declination ; | 
As Radius ++ © Aſc, Diff. : : T. c. Latitude · P. © Declin. 
As S. god. -- S. 22d 3om. :: . 48d. 13m. ++ T. 23d. 11m. N. 
2. For the Sun's Amplitude, it is thus; 
As T. © Aſcen. Diff... Radius:: S. Latitude · T. c. Ampl. Or, 
As S. Latitude · Radius: . T. O Aſcen Diff.. T. c & Amplitude 
As 41d. 47m. S. od: : T. 22deg. 3om. ++ T. 3id. 52m. N. 
Problem 8, Latitude and Sun's Amplitude given; to find his De- 
clination, and Aſcenſional D fference | 


363d. : 17m. North. 


Latitude 
Example. The | Sun's Amplitude 19d. : 11m. South, 


Here are both the Legs given; that is, the Leg S | 36d. 17m. 

the Latitude, and the Leg SR 70d. 49m. the Complement of the 

Sun's Amplitude; which Triangle is made by Problem 4, of 

Spheric Trigonometry Geometric, in Page 127, and its Solution 

is (by Chapter 5, Section 4, Problem 5, Caſe 13 and 14, of 

Spheric Trigonometry Rectangular, in Pages 139 and 140, ) in 

this Manner, 

5 1. For the Sun's Declination thus; 

As Radius -+ S. c. Latit.:: S. © Ampl. . S. Declination req. 

As S. god. . . S. 5 3d. 43m. :: S. 19d. 11m. . . S. 15d. 21m, South. 
2. For his ſcenſional Difference, thus; 

As T. c. © Am. Radius: ; S. Latitude . T. O Aſcen. Diff. Or, 

As Radius -- S. Latitude : : T. © Amplit. . T. & Aſcen. Differ, 

As godeg. -- 36d. 17m. :: T. 19d. 11m. ++ T. IId. 38m, or oh. 

46m. 32 Sec. 

Froblem 9. The Sun's Declination, and Amplitude given; to 

find the Latitude, and the Sun's Aſcenſional Difference? 


Example. The Sun's} Deciination——19d. ; 10m. South. 


Amplitude ——31d. : zom. South. 
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Here is the Hypothenuſe, and one Leg given; for its Solution, 
ſee Problem 10. of Spheric Trigonometry Geometric, in Page 
123; and Chapter 5, Section 4, Problem 1, Caſe 2 and 3, of 
Spheric Trigonometry Rectangular, in Pages 135 and 136.) 
Note; The Latitude may be either North or South, in this 
Problem, = i 08 
Problem 10. Sun's Declination, and Aſcenſional Difference 
given; to _ the _— and his Amplitude ? 
zun's Declination 23d. 29m, North 
Example. | The Sun ſetteth at — - — | 
Here is the Hypothenuſe and one Angle given, ſee Problem 
x1. of Spheric Trigonometry Geometric, (in Pages 124 and 
| 125, and Chapter 5, Section 4, Problem 2, Caſes 4 and 5, of 
Spheric T rigonometry Rectangaulr, in Pages 136 and 137.) for 
| 
| 


its Solution. 


Problem 11. Sun's Amplitude and Aſcenſional Difference given; 
| to find the Latitude, and his Declination ? 


Sun's Amplitude — 33d. 20m. North, 
ann. The Sun ſetteth at 8. 


" 
Here is one Leg, and it's oppoſite Angle given. = Problem 
Ia of Spheric 1 Geometric, (in Page 126, and 
apter 5, Section 4, Problem 4, Caſes 10 and 12, of Spheric 
FTrigonometry ReRangular, in Pages 138 and 139) for the Pro- 
portions. : | 


| Prablem 12. The Latitude of a Place, and the Sun's Declination 
| given; to find his Alitude, and Azimuth at the Hour of Six: 
Definition 1. Altitude is an Arc of an Azimuth Circle, con- 
tained between the Horizon and any Parallel of Altitude; as bf. 
Plate 7. Fig. 2. | | 
2. Azimuth, is an Arc of the Horizon, contained between the 
Meridian of the Place, and any Azimuth Circle, Or, intercepted 
between the prime Vertical, and any other Azimuth Circle ; as 


AborBb. . Fig. 2. | 
Example, The Fand. 15 $190: zam. North 


Sun's Declination 23d. 29m. 
Note; At Six of the Clock the Sun is apes the Axis PAI. 
> 


e _—-— A" De — — 


In the Rectangle Spheric Triangle A bf, Plate 7. Fig. 2. are 
to be noted. | 
1. Abf the Rectangle. 
2. bAf the Latitude of the Place, ; 
3. Af the Sun's Declination, of the fame Name with the 
itude. | 
4. bf the Sun's Altitude at the Hour of Six. 


—— — EE ESD — 


— —U—6Iw — 


5. Ab 


1 
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5. A b the Complement of the Suns Azimuth from the North 
at 6 in the Morning, and from the South at 6 in the Afternoon. 


To project it Stereographically on the Plane of the Meridian.“ 
1. Having deſcribed the Primitive Circle, quartered it, drawn 
the Axis of the World PAI, the Equinoctial AQ, and the 
Parallel of Declination 8 © | f Rg, as before directed in Prob- 
lem 4, of this Chapter, in Pages 216 and 217. 5 
2. Through f where the Parallel of Declination cutteth the 
Axis PAI) draw an Oblique Circle perpendicular to the Harizofts 
SAB (by Problem 5, Cafe 3, of Spheric Geometry, in Pages 11. 
and 115) as is the Azimuth Circles Z fb N, to cut 8 A in b, 
which forms the Rectangle Triangle A bf, and *tis done. 
For the Leg A b, the Complement of the Sun's Azimuth, 
and the Leg b f, the Sun's Altitude at 6 of the Clock, are the 
two Things required, and are meaſured by Problem 7, Caſes 2 
and 3, of Spheric Geometry, in Pages 117 and 118. 
But by Spheric Trigonometry, having the Hypothenuſe and 
one Angle given; that is Af 23d. 29m. the Sun's Declination, 
and b A f 51d. 31m. the Latitude ; the Leg b f the Sun's Alti> 
tude, and Leg F b the Complement of his Azimuth at 6 of the 
Clock; are found by Chapter 5, Section 4, Problem 2, Caſes 
and 5, of Spheric Trigonometry Rectangular, in Pages 136 a 
137. | 


1. To find the Sun's Altitude at 6, the Proportion is 
As the Radius, is to the Sine of the Latitude; fo is the 
Sine of the Sun's Declination, to the Sine of the Sun's Altitude 
at the Hour of 6. Or thus; | f 
As Radius · S. Angle b Af :: S. Hypot. Af · S. Leg b f. 
As S. god. S. 51d. Zim. : : S. 23d. 29m. ++ S. 18d, 11m. 


2. To find the Sun's Azimuth, the Proportion by the afore= 
faid Problem, is, 1 4 2 is Be. © 
As the Radius, is to the Sine Complemet of the Latitude, fo. 
is the Tangent of the Sun's Declination, to the Covtangent of 
the: Sun's Azimuth from the North or South, at the Hour of 64 
Or thus: +> 1 2 
As Radius ++ S. c. Angle bAf : : T. Hypot. Af T. Lex Ab. 
As 8. god, ++ 8. 38d. 29m. 2 © * 23d. 29m. T. 75d. c,. 8 
Th That is, hy Bu. 
At6 in the Morning the Sun is E. 15d. o8m. N. gr near upon 
the EN E. 4 E. Point of the Compaſs : and at 6 in the Afternoog » 
he is nearly upon the WNW. 4 W. Point of the Cympals CIT 
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In the ſame Triangle A b f (Plate 7. Fig. 2) may be reſolved 
the five Problems next following, to exerciſe the young Learner, 
Problem 13. The Latitude, and Sun's Altitude at the Hour of 
l Six given; to find his Declination and Azimuth ? 

Wy Latitude — 35d. 20m. 5outh, 
Ln. 3 f Sun's Altitude — gd, 5om. P. KM, 

Here is one Leg and its oppoſite Angle given; that is, the 
b f od. Som. the Sun's Altitude, and the Angle b Af, 35d. 20m. 


the Latitude ; which I riangle is made by Problem 13, of Sphe- 


ric Trigonometry Geometric, in Page 126; and for its Solution, 
ſee Chapter 5, Section 4, Problem 4, Caſes 10, and 12, in Pages 
138 and 139. And is thus; 

19. For the Sun's Declination, the Proportion is, 

As S. Latitude · Radius:: S. O Alt. at 6, -+ S. ©'s Declination. 
As S. 35d. 20m ++S. god. : ; S. gd. 50m. -- S. 17d. 10m. South; 


= 2. For the Sun's Azimuth at 6, the Proportion is, 
As Radius · T. c. Latitude : ; T. O Alt. at ö. S. c. O's Azimuth 
As T. 45d. . T. 54d. 4om. : ; T. gd. 5om. . S. 14d. gm. Weſt 
F or WSW. + W. is the Point of the Compais the Sun 

upon. | 
Problem 14 Latitude, and the Sun's Azimuth at the Hour of 6 
: given; to find his Declination, and Altitude ? 


Latitude —36d. 19m. North. 
Example. The Sun's Azimuth —79d. 46m. North P.M. 
© Here is a Leg and it's adjacent Angle given; that is, the Leg 


Ab 10d. 14m. the Complement of the Sun's Azimuth, and the 


Angle b A f 36d. 19m. the Latitude; which Triangle is made 
by Problem 12 of Spheric Trigonometry Geometric, in Page 
125, and for its Solution, ſee Chapter 5, Section 4, Problem 3, 
Gaies 7 and q, in Pages 137 and 138. Which is thus; 

For the Sun's Declination at 6, the Proportion is; 


As F. e, QAzim. -+ Radius:: S. c. Latitude · T. c. O Dec, Or, 
As S. c. Latitude -- Radius:: T. c. © Azim. «+ T. © Declina. 
As S. 5 3d. 41m. . S. god. : : T. 10d. 14m. ++ T. 12d. 38m. N. 


2, For the Sun's Altitude at 6, the Proportion is? 
As T. c. Latitude. Radius:: S. c. © Azim, -+ T. © Alt. Or, 
As Radius S. c, © Azim.:: T. Latitude ++ T. ©Altit. at 6 
As S. god. lodeg. 14min. :: T. 36d. 19m. ++ T. 7deg. 26m. 
Altitude at 6. 


Pioblem 15. The Sur's Neclination, and Altitude at the Four of 
Six given; to find the Latitude, and his Azimuth?) 
Example, 


* a 7 
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„ „ 54. es. Declination— 21d. 30m. South. 
| Example, The Sun's} Altitude — 134. Tom A. M. 
Here is the = rr and one Leg given; that is Af — 

zom. the gun's Declination, and b f 15d. 55m. the Sun's Alti- 

tude ; for which ſee Problem 10, of Spherio Frigonometry Geo- 

metric, in Page 123; and Chapter 5, Section 4, Problem 1, 

Caſes 2 and 3 of Spheric Trigonometry r in nr 

735 and 136. 

Problem 16. Sun's Declination, and his Azimuth at the Hour 

of Six given; to find the Latitude, and his Altitude ? - 

f Declination 19d. 14m. South. _ ; 
 Brample. The Sun e 1 Azimuth — ogm. E. Southerly, 
Here is (as in the laſt Problem) the Hypothenuſe and one Leg 

given ; that is, Af 19d, 14m. the Sun's Declination, and A 5 

10d, om. the Complement of the Sun's Azimuth ; for which 

ſee Problem 10, of Spheric Trigonometry Geometric, in Page 

123; and Chapter 5, Section 4, Problem 1, Caſes 1 and 3, of 

Spheric Trigonometry Rectangular, in Pages 135 and 1 — 


Problem 17, Sun's Azimuth, and Altitude at the Hour of Sie 
siven; to find the Latitude, and his Declination? 


Azimuth 16d. 10m. South, P. M. 

” Eromple. The Sun's Altitude— gd. om. 

Here are both Legs given; to which. ſee Problem 14, of 
Spheric. Trigonometry Geometric, in Page. 127.3 and Chapter 
5 3 * Problem ry Cafes 13 and 14 of Spheric Trigono- 

lar, in Pages 139 and 140. 
ale 1 he Latitude of a Place, and the Sun's Declina- 
tion given; to find the Sun's Altitude, and the Hour of the 

Day when the Sun is due Eaſt or Weſt. 

Note; When the Sun is either due Eaſt or Weft, he is then 
upon the Prime N — Plate _ 2. | 

atitude . 51d. 31m, 

Example. The ; Sun's Declination 5 27 1 North 

In the Rectangle ner Pee ey Ak l, Plate 7. Fig. 2. 
Obſerve, That, 4 8" be 1.4 

I. Akl is the ReQangle. 

2. K Al the Latitude. - © | 

3. kl the Sun's Decl. of the fonts dams with the Lat. 

4. Al the Sun's Altitude when he is upon the Eaſt or Weſt 
Azimuth Circle. 

5. Ak the Hour from 6; if Eaft, after 6 in the Forenoon, 
but when Weſt, before 6 in the Afternoon. 

To py it Stereographically on the Plane of the * 

he 


* 


| 
| 
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The Primitive Circle being drawn, quarte as alſo 
the Axis PA I, EquinoQial AQ, and Parallel of Detlhna- 
tion 5 G If Rg, as formerly, in Problem 4, of this Chapter, 
to cut the Prime Vertical Z AN in I, the Place of tue Sun when 
he is either Eat or Weſt, | daidw 

2. Then through l draw a Great Circle to cut the Eq 
& A.Q. at Right Angles in k, by Problem Caſe 1 7 of Sphs 
rie Geometry, in Page 11 5 as the Oblique Circle Pk þ, which 
* the Rectangle Spheric Triangle Akl. 

For the Hypothenuſe Al, and Leg A k (the former the Sun! 8 
Altitude, the latter the the Hour from 2 when he is either Eaſt or 
Wet) are the two Things required, and are meaſured by Prob- 
„lem 7, Caſe 2, of Spheric Geometry, in Page 118. 

But by Trigonometry having a Leg and it's oppoſite Angle 
given en; that is, k A 1 51d. 3m. the Latitude, and K I 23d. 29m. 

e Sun's Declination ; as Leg A k the Hour from b, and the 
Hypothenuſe A l, the 'Suti's Altitude when Eaft or "Weſt, are 
found by Chapter 55 Section 4, Problem 4, Caſes ro and 12 of 
Spheric Ti 1 noma in Pages 138 and 139. Thus, | 

find the Sun's Altitude, the Proportion is, L 

As the Sine of the Latitude, is to the Radius 

So is the Sine of the Sun's Declination, to the Sine of his Al- 
titude, when Eaſtor Weſt. Or thus ; 1 
As 8. Angle k Al · Radius:: S. Leg k I S. Hypot. A !. 
As S. 51d. game den 3218. 230 20. rd 20d. 36m. 0 
Altitude! 

2. To find the Hour from Sia, the Proportion by we afore- 
ſaid Problem 4, and Caſe 10d is, 

As the Radius, is to te Torrent Complanineer the Latitude; ; 

So is the Tangent of the Surf Declination, to the dine ot the 
Hour from, Six. Or thus; ; nur 
As Radius T. c. Angle k A 1 2 2 . Leg kl. 8. Leg Ak, 
As T. 45d. F. 38deg. 290 min.: T. '+ 230. 29m. 8. 20d. 12m. 
the Hour from Six. 

Which reduced into Hours, and _ of Time, and added 
to, and ſubtracted from 6 Hours, giveth the Hour df the Day 
required, 

That is, 20d. 12m. reduced into Time, 1s ah, LES ſec, 

Which added to h. om. oo 


The Sum ſheweth the Sun is Eaſt at Ihe 20m. 438 


And being ſubtr. ſheweth the Sun is Welt at 4h; Jgm. 12 © 
In the ſame Rectangle Triangle Spheric A k 1, P e 7. Fig, 
2.) the ſive Problems following may be reſolved, aud are here 
er ed for the Learner's Excreile. 


Problem 


Gy 
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Prob. XIX. The Sun Eaſt, the Latitude, and the Sun's Alti- 
tude given; to find "po ere _ the —_ of the Day. 
| Latitude — id. 30m. North. 
 Exaniplt. The} Sun's Altitude 25d. — Morning. 
Here is the Hypothenuſe, and one Angle given; that is, the 
Hypothenuſe A1 25d. 16m. the Sun's Altitude, and the Angle 
kAlgid. zom. the Latitude: Which Triangle is made by 
Problem it. of Spheric Trigonometty Geometric, in Page 124; 
and for its Reſolution, fee Chapter 5, Section 4, Problem 2, 
Caſes 4 and 5, in Pages 136 and 137. And, 
1. For the Sun's Declination, the Proportion is, 
As Radius ++ 8. Latitude : : S. © Altitude . S. © Declin, required, 
As 9 S. 51d. 30m. :: 8. e. 25d. 16m. ++ S. 19d. 31m. N. 
2. For the Heur when he is Eaſt, the Proportion is, 
As T. e. & Alt. Rad. : : S. e. Lat. T. Hour from 6, when E. or, 
Radius . S. c. Lat.:: T. Os Alt.. T. Hour from 6. 
8.90 · S. 38d. 30m.:: T. 25d. 16m: ++ T. 16d, 22m. or th. 5˙½28 “ 
mo >" to 6, makes 7h. gm. 28 Sec. the Time when the 
un is . 


Problem XX. The Sun Weſt, | the Latitude, and Hour of the 
Day given; to find the Sun's Altitude and Dedination ? 


Latitude — 30d, tom. South. 
| Example. The} Hour —— . 15m. P. M. or Afternoon. 
Here is given a Leg and its adjacent Angle; that is, the Le 
Ak 41d, 35m. or zh. 45m. the r from 6, when the Sun is 
Weſt; and the Angle k A 30d. 16m. the Latitude; which Tri- 
angle is made by Problem 12, of Spheric Trigonometry Geome- 
trie; And for its Reſolution, ſee Chances 53 Section 4, Problem 
3, Caſes 7 and , in Pages 187 and 138. And, 
r. For the Sun's Declination, the Proportion is, 
As T. c. Lat.. Rad. : : S. Hour from 6. T. S Declination. Or, 
As Radius ++ S. Hour from 6: : T. Lat. ++» T. Sun's Declination. 
As S. god. . S. 41d. 15m. :: T. 
2. For the Suns Altitude, the Proportion is, 
As T. Hout from 6. Rad.: : S. c. Lat. T. O Alt. when W. Or, 
As S. c. Lat. ++ Radius:: T. Hour from 6 ++ T. Sun's Alt. when W. 
As S. 59d. 5om. ++ S. god. :: T. 41d, 15m, ++ T. 45d. 24m. the 
Sun's Altitude when Welt, | 


Prob. XXI. The Sun Eaſt, his Declination, and his Altitude 
given ; to find the Latitude, and the Hour of the Day ? 


| ,. { Declination 204. 5om. South. | 
Exanyle. The Sun 1 Altitude — 29d. 30m. A. M. or Morn. 
| P 


Here 


4 


30d. 1om. ++» T. 20d. 58m. South. 


* 
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Here is given the Hypothenuſe and one Leg; that is, the Hy. 
pothenuſe Al, 29d. 3om. the Sun's Altitude, and the Leg k l, 
20d. 50m. his Declination. Which Triangle is made by Prob- 
lem 10. of Spheric Trigonometry Geometric, in Page 122, and 
for its Reſolution, ſee Chapter 5, Section 4, Problem 1. Caſes 
2 and 3, in Pages 135 and 136. 


Prob. XXII. The Sun Weſt, his Declination, and Hour of the 
Day given; to find the Latitude, and his Altitude? 


Sun's Declination 10d. 39. North. 
| Example, The. Hour of the Day — 4d, = P. M. 
Here are given both Legs; that is, the Leg k | 10d. 39m. the 
Sun's Declination, and Leg A k 17d. or 1h. 8m. the Hour from 
6, when the Sun is Weſt : For making this Triangle, ſee Prob- 
lem 14, of Spheric Trigonometry Geometric in Page 127. And 
for its Reſolution, ſee Chapter 5, Section 4. Problem 5, Caſes 
13 and 14, in Pages 139 and 140. 


Prcb. XXIII. The Sun Eaſt, his Altitude, and the Hour af 
the Day given; then find the Latitude and his Declination ? 


| Sun's Altitude — 3od. 1om. 
Example. The L lens ef the Day — 7d. 50m. A.M. 


Note; In this Problem the Latitude may be either North or 
South, and both truly anſwer the Queſtion. a 
Here is given the Hypothenuſe and ane Leg; that is, the Hy- 
pothenuſe A] 3ed. tom. the Sun's Altitude when Eaft, and 
the Leg Ak 27d. 30m. or 1h. 5om. the Hour from 6, when be 
is ſo; this Triangle is made by Problem 10. of Spheric Trigo— 
nomctry Geometric, in Page 123, and for its Reſolution, ſee 
Chapter 5, Section 4, Problem 1, Caſe 1 and 3, in Pages 135 
and 136. | 


Prob. XXIV. The fun in the Equinettial, the Latitude of a 


i lace, and the Sun's Altitude given; to find his Azimuth, and 
tne Hour of the Day ? | 


Note; When the Sun hath no Declination, he is then, (ſaid 
to be) in the EquinoCtial ; which is twice in a Year, about the 
21ſt of arch, and the 23d of September, 


Example 


a tc vv 


2 
n 
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8 


f 
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ast Latitude — 51d. 31m. North. 
Example. The Sun's Altitude 21d. 5om. A. M. (or Morning) 


In the Rectangle Spheric Triangle Z A D, Plate 7. Fig. 2. 
it is to be noted ; | | | PE | 

1. The Angle Z E D the Rectangle. 

2. The Leg Z Æ the Latitude of the Place. 

3- The Leg D the Hour of the Day from Noon. 

4. The Leg Z D the Complement of the Sun's Altitude. 

5. EZ the Sun's Azimuth from the South in North Lati- 
tude ; but from the North in South Latitude, Eaſterly in the 
Forenoon, and Weſterly in the Afternoon, | | 


To project it Stereographically on the Plane of the Meridian. 

1. The Primitive Circle being drawn, quartered, as alſo the 
Axis PAT, and the Equinoctial A ZE Q as formerly directed 
in Problem 4, in Page 216. | 

2. By Problem 9. Caſe 2. of Spheric Geometry, in Page 121. 
draw a Parallel Circle at 21d. 5om: (the given Altitude) diſtance 
from the Horizon S AB, as AD It, to cut the Equinoctial 
E AQ, in D; the Place of the Sun at that Time. 

3. Through D (by Problem 5, Caſe 3. of Spheric Geometry, 
in Page 115.) draw a Great Circle perpendicular to S AB, as 
is the Oblique Circle Z D CN, which concludes the Rectangle 
Spheric Triangle Z D, and it's done. 

For the Angle Z D, and Leg A D (the former the Sun's 

Azimuth from the South Meridian, the latter the Hour from 
Noon, when the Sun is in the Equinoctial) are the two Things 
required, and are meaſured by Problem 7. Caſe 2. and Problem 
8. Caſe 2. of Spheric Geometry, in Pages 118 and 119. 
But by Spheric Trigonometry, having the Hypothenuſe, and 
one Leg given; that is, Z D 68d. om. the Complement of the 
Sun's Altitude, and Z A 51d. 31m. the Latitude: The Angle 
Z the Sun's Azimuth, and Leg Æ D the Hour from Noon, 
are found by Chapter 5, Section 4. Caſes 1 and 2, of Spheric 
Trigonometry Rectangular, in Pages 135 and 136. And, 


I. To find the Sun's Azimuth, the Proportion is, 
As the Radius, is to the Tangent of the —— j 
So is the Tangent of the Sun's Altitude, to the Sine Comple- 
ment of the Sun's Azimuth from the South : Or thus ; 


F.4 


As 
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As Rad.. T. Leg Z : : T. c. Hypot: ZD. S. c. Angle KZ). 
As T. 445d: . T. 31d. 31m.:: F. 21d. 5om. ++ . god. 16m, 
Whicli ſubtract from — — —— + 304. 60m, 


— 


Remainder is the Sun's Azimuth, South — — 598. 44m, 
Eaſterly, that is SE. by E. 1 E. is. the Polnt of the Coftipaſs the 
Sun is upon. * 5 n 
8 To find the Hour, the Proportion by the foreſaid Problem 
I, Cale 3, 1s, | | 8 
As the Sine Complement of the Latitude, is ta the Radius ; 
So is the Sine of the Sun's Altitude, to the Sine Cotiiplenittit 
of en from wet Or * = 8 CEE 
As S. c. Leg ZE. Radius:: S. c. Hypot. S. c. Leg D. 
As 8. 34.2005 8. 90d. : :'S, 21d. 5m. . 8. 1 
Which ſubtract fron — — — — — god, com. 
Remainder is the Hour from Noon — — — | 53d. 18m, 
Which is equal to 3h. 33m. 12 See. the Hour from Noon, 
therefore the Hour of the Day is 8h. 26m. 48 72 in the Morning. 
In the ſame Rectangle Spheric Triangle ZD may five Pro- 
blems more be reſolved, which I leave for the Learner to in- 


vent, and ſo paſs on to Qblique Spheric Priangles in Aſtronomy, 
Section III. Oblique Spheric 1 applied in Aſtrotiomic 


Problems, uſeful in Navigation. 


1 N the laſt Section, ReQtatigular Spherie Triangles were ap- 

| plied to Problems of Aſtronomy; now itt like manner Ob- 
lique Spheric Triangles ſha}} be applied; both of them being 
very neceſſary and uſeful in Navigation. 


Problem I. The Latitude of a Place, the San's Declination, and 
his _— given; to find his Azimuth, and the Hour of the 


; 4 Latitude — 51d. 30m. | 
Example. They Sun's |} ne - 15d; 10m. North. 
| Altitude — IId. 30m, 


In the Oblique Sphetic Triangle P Z ©, Plate 5. Fig. 2. 
is to be noted. 5 5 MES, 

1. The Side ZP the Complement of the Latitude. 

2. The Side Z © the Complement of the Sun's Altitude. 

3. The Side P © the Sun's Diſtance from the Elevated Pole, 
which js the Declination added to go Degrees, when the Lati- 
tude and Declination are of à contrary 1 but if of one 
Name, it's the Complement of the Declination. 


4. The 
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4. The Angle P Z © the Sun's Azimuth from the North, in 
North Latitude ; but from the South, in South Latitude. 

5. The Angle ZP © the Hour of the Day from Noon. 

To gjedt it Steręeographically on the Plane of the Meridian. 

* = drawn the Primitive Circle and Quartered it with 
the Axis PAI, and the Equinoctial AE A Q, then deſcribe the 
Parallel of Declination G Rg. 

2. Draw hy Problem 9. Caſt i of Spheric Geometry, in 
Page 121.) a Parallel Circle, parallel to the Horizon S AB, at 
11d, zom. (the $yn's Altitude) diſtance from it, as @/7, to cut 
the Parallel of Declination ia ©, the Place of the Sun at that 
Time, 

. Then through © draw two Great Circles, one through Z 
* N, the Poles of the Horizon; and the other through P and 
I, the Poles of the Equinoctial; as are the Oblique Circles Z 2 | 
N and POI; which form the Oblique Spheric Triangle P 
©, and it's done. 

For the Angle P Z ©, and ZP ©, the former the Sun's Azi- 
muth, and the latter the Hour of the Day from Noon, are the 
two Things required, and are meaſured by Problem 8. Caſe 2. 
of Spheric Geometry, in Page 119. 

But by Spheric — having three Sides given; that 
is, Z P 38d. zom. the Complement of the Latitude; Z O 78d. 
zom. the Complement of the Sun's Altitude, and P © 74d. 

om. the Sun's Diſtance from the elevated Pole; the Angle P 
© the Sun's Azimuth, and Z P © the Hour of the Day, are 
found by Chapter 8 Section 5. Problem 11. Caſe 11 of Sphe- 
ric Trigonametry Oblique; in Pages 147 and 148, as followeth. 

1. Add the Complement of the Latitude, Complement of the 
Sun's Altitude, and the Sun's Diſtance from the elevated Pole 
into one Sum. 

2. From half that Sum ſubtract, Sn finding the Sun's Azi- 
muth,) the Sun's Niſtance from the Pole; but, for finding the 
Hour of the Day, ſubtract the Complement of the Sun's Alti- 
tude, noting the half Sum, and the Remainder. 

3- Then to find the Sun's Azimuth, it is thus; to the Com- 
plement Arithmetic of the Sines of the Complement of the Lati- 
tude, and Complement of the Sun's Altitude, add the Sines of 
the aforeſaid half Sum, and Remainder ; half the Total of theſe 
four Logarithms, is the Sine of the Supplement of half the Sun's 
Azimuth from the North, in North Latitude; and from the 
South, in South Latitude, 


22 


But 
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But to find the Hour of the Day it is thus ; to the Complement 
Arithmetic of the Sines of the Complement of the Latitude, and 
the Sun's Diſtance from the Pole, add the Sines of the ſaid half 
Sum, and the Remainder; half the Total of theſe four Loga- 
rithms is the Sine of the Supplement of Half the Hour from 
Noon, all which is ſhortened thus ; 


1. To find the Azimuth, the Operation is; 


27 30d. en., 3 vl, .: S. co. ar. 0.2 

800 LY 784. — f Containing Sides S. CO, ar. Japon 
P © 74d. 3om. i & Sum Sides 95d. 55m. S. 9.997680 

Sum is — 191d. rel Remainder - 21d. orm. S. 9.555971 

Half Sum is 95d. 55m. | Sum of the 4 Logarithms is 19.-68 ;08 

Remain — 21d. 5 m. 49d. 50m. S. 41 Sum 9 884154 
W hich double it — 49 59 | 
The double js 99 58 Which 


Subtract it from 180 00 
Remainder is the Sun's Azim. 80 02 from the North. 


Or, by Gunter's Scale, 


As Radius ., S. c. Latitude, : : S. c. © Altitude -- a 4th Sine. 
As S. gcd. -«S. 38d. 30m. :: 8. 78d. 30m. . S. 37d. 35m. 
Then again, 

As the 4th Sine . S. f Sum Sides : : S. Remainder -- a 5th Sine. 
As S. 37d. 35m. .. 8. 95d. 55m. :: S. 21d. 05m. . S. 35d. 55m. 

Againſt which, on the Line of Verſed Sines is 80d. 02m. 
the Sun's Azimuth from the North, Eaſterly if in the Morning, 
and from the North, Weſterly if in the Afternoon ; that is, the 
Sun is near the E. by N. Point of the Compaſs in the Morning, 
and near the W. by N. Point in the Afternoon. 


2. 
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2. To find the Hour of the Day, the Operation is, 


Z P 38d. zom. ed Hh co. ar. 0.205850 
ie OP 74d. 5om. | Containing > 8. co. ar. 0.015397 


20 78d. 3om. | } Sum Sides 95d. 55m. S. 9.997680 


Sum is — 191d. 5om. | Remainder 17d. 25m. 8. 9 476133 
Half Sum is 95d. 55m, | Sum ofthe four Logarithmsis 19.695960 
Remainder 17d. 25m. 44-45 S. half Sum 9.847530 


Which doubled —— 44.45 


The double is —— 89.30 Which 
Subtract from ——180,00 - h. m. 
Rem. is the Hour from Noon — 90. 30 equal to 6: 02 
Or, by Gunter's Scale. 
As Radius . S. c. Latitude: : S. © Diſt. from Pole · a 4th Sine. 
As S. god. ++ S. 38d. 3om. : : 8. 74deg. 50min. . $.36d. 56m. 
Then again, 
As the 4th Sine . S. Z Sum Sides : : S. Remainder -- a 5th Sine. 
As S. 36d. 56m. . . S. 39d. 55m. :: S. 17d. 25m. ++ S. 29d. 42m. 

Againſt which, on the Line of Verſed Sins, is god. 30m. or 
6h. 2m. the Hour from Noon; that is, 58m. after 5 in the 
Morning, or 2m after 6 in the Aſternoon. | 

In the ſame Oblique Spheric Triangle ZP >. Plate 7. Fig. 2.) 
may the nine Problems next following be reſolved. 

Prob. II. The Latitude of a Place, the Sun's Altitude and Azi- 
muth given; to find his Declination, and the Hour of the Day. 
Ex. In Latitude 5 1d. 3am. the Sun being 49d. 40m. above the Ho- 
rizon, his Azimuth was obſerved to be North i194. 44m. Eafter> 
ly, I demand the Hour of the Day, and the Sun's Declinatien. 

Anſwer. The Hour of the Day is 20m. after , and the De- 
clination of the Sun is 23d. 28m. North. 

In this Problem are two Sides, and one Angle between them 
given; that is, ZP. 38d. 28m. the Complement of the Latitude, 
Z © 40d. 20m. the Complement of the Sun's Altitude, and PZ O 
119d. 44m. his Azimuth; which Triangle is made by Prob. 18. 
of Spherie Trigonometry Geometric, in Pages 129 and 130, and 
is reſolved by Problem 9, Caſes 7 and 8. of Spheric Frigono- 
metry Oblique, in Pages 144 and 145. 

Prob. III. The Latitude of a Place, the Sun's Declination and 
Azimuth given; to find his Altitude, and Hour of the Day? 
Example, In Latitude 134. 10m. North, the Sun's Declination 

being gd. 27m. S. and his Azimuth N. 120d. zom. Weſterly, 

I demand the Hour of the Day and his Altitude? 

Anſwer. The Hour of the Day 2h. 24m. in the Afternoon, 
and the Sun's Altitude is 47d. 43m. 

P 4 | Here 
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Here are two Sides, and one Angle oppoſite given. that is, 
ZP 76d. gom. the Complement of the Latitude ; PO 99d. 27m. 
the Sun's Diftance from the elevated Pole, and PZ © 120d, 

m. his Azimuth; which Triangle is made by Problem 16, of 
dpheric T rigogamotry Geometric, in Pages 128 and 12g. And 
reſolved by Problem 7. Caſe 2 and 3. of Spheric Trigonometry 
Oblique, in Pages 142 and 143. * 

Preblem IV. The Latitude of a Place, Sun's Altitude, and the 
Hour of the Day given; to find the Sun's Azimuth, and his 
Declination. 

Example. In Latitude 3od. 5 im. South, at 15m. paſt 3 in the 
Afternoon, the Sun's Altitude being 41d, 10m. I demand the 
Sun's Azimuth and Declination ? 

Anſwer. The Sun's Azimuth is South 102d. 2m, Weſterly, 
and his Declination 11d. 4om, South. "iro 
| Here are two Sides, and one Angle oppoſite given. 

That js ZP 5d. om. the Complement of the Latitude; Z 0 
48d. om. the Complement of the Sun's Altitude, and 2 P O 
48d. 45m. Or 3h. 15m. the Hour of the Day from Noon; and 
therefore projected and reſolved like Problem 3. aforeſaid, in 

age 231. 

— V. The Latitude of a Place, the Sun's Declination, and 
Hour of the Day given ; to find his Azimuth and Altitude ? 
Example. The Latitude 20d. 11m. North, the Sun's Declina- 
tion 23d, 29m. South, at gh. 24m. in the Morning: I de- 

mand the Sun's Azimuth, and what is his Altitude ? 

Anſwer. The Sun's Azimuth is South 44d, 13m. Eaſt, and 
his Altitude is 34d, o8m. 

Here are two Sides and one Angle between them given ; That 
is ZP 69d. 49m. the Complement of the Latitude; PO 1139. 
29m. the Sun's Diſtance from the elevated Pole, and ZP © 39d. 
or 2h. 36m. the Hour of the Day from Noon, which is wrought 
as before in Problem 2, in Page 231. | 
Prob, VI. TheLatitude of a Place, the Sun's Azimuth, and Hour 

of the Nay given; to find the Sun's Declination and Altitude. 

Example. 10 Latitude 13d. 10m. North, the Sun's Azimuth be- 
ing obſerved at 24m. after 2, to be South 59d. 3om. Weſt. I 
demand the Sun's Declination, and his Altitude ? 

Anſry. The Sun's Declination is gd., 27m. South, and his 
Ahkitude at the ſame Time is 47d. 43m. | 

Here are two Angles, and one Side between them given; 
That is, ZP 7d. om. the Complement of the Latitude; PZ © 
120d. zom. the Sun's Azimuth, and Z5 © 30d. or zh. 24m. 
the Hour of the Day from Noon; for the making of this Tri- 
angle, fee Problem 19. of Spheric Trigonometry Geometric, 

F in 
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in Page 130. And igrefolved by Problem 10. Caſe 9. of Spherie 

Trigonometry Obligue, in Page . |; 

Problem VII. The Sun's Altitude, Declination and his Azimuth 

given; to find the Latitude, and the Hour of the Day. 

Exomple, The Sun's Altitude being obſerved to be 38d. 20m: 
Qriental, his Azimuth at the ſame Fine was 107d. om. from 
the North, and his Declination 19d. 40m. N. I demand the 
Latitude of the Place of Obſervation, and the Hour of the Day? 

Anſwer. The Latitude of the Place is 51d. 02m. North, and 
the Hour of the Day is 29m. 4 ſee. after 8 in the Mornin 
Here are two Sides, and oe Angle oppoſite given; that is, ZO 

51d. 40m. the Complement of the Sun's Altitude; PO 70d, 

20m. bis Diſtance from the elevated Pole; PZ 107d 1om, 
his Azimuth from the North; which Triangle is made and 

wrought as before, in Problem 3. of this Section, in Page 232. 

Prob. VIII. The Sun's Altitude, his Declination, and Hour of 

the Day given; to find his Azimuth, and the Latitude. 

Example. At 5h. 42m. in the Morning, obſerving the Sun 12d. 
Non. above the Horizon, and his Declination being 19d. 40m. 

orth : I demand the Latitude of the Place, and the Sun's 

Azimuth ? 

Anſwer. The Latitude is 51d. 18m. North, and the Sun's 
Azimuth North 744. 04m. Eaſterly, or ENE. half E. almoſt. 

Here are two Sides, and one Angle oppoſite given; that is, 
Z © 774d. zom. the Complement of the Sun's Altitude; PO 
70d. 20m. his Diſtance from the elevated Pole, and Z P © 

d. 3om. or 6h. 18m. the Hour of the Day from Noon; which 

riangle is made and wrought as before in Problem 3. of this 

Section, in Page 232. 

Problem IX. The Sun's Altitude, his Azimuth, and the Hour 
of the Day given ; to find the Sun's Declination, and the 
Latitude of the Place ? 

Example, Obſerving the Sun 12d. 20m. above the Horizon at 
18m. paſt 6 o'Clock Afternoon, and his Azimuth 74d. from 
the North: I demand the Latitude and the Sun's Declination ? 

Anſwer. Latitude 51d. 18m. North, and Sun's Declination is 

19d. 4.3m. North. 

Here are two Angles and one Side oppoſite given; that is, 
Z 575d. zom. the 2 of the Sun's Altitude; PZ O, 
74d. the Sun's Azimuth from the North, and Z P © gad. zom. 
or Gh. 18m. the Hour from Noon; which Triangle is made by 
Problem 17 of Spheric Trigonometry Geometric, and is re- 
ſolved by Problem 8. Caſes 4 and 5. of Spheric Trigonometry 
Oblique in Pages 143 and 144- PE 

Problem 
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Problem X. The Sun's Declination, his Azimuth, and Hour 
of the Day given; to find his Altitude and the Latitude of 
the Place. | 


Example. The Sun's Declination 19d. 4om. N. and at 28m. 
paſt 8 of the Clock in the Morning his Azimuth was obſerved 
to be 107d. 5om. from the North; I demand the Latitude of 
the Place of Obſervation, and what was the Sun's Altitude ? 
Hnſwer, The Latitude is 52d. 16m. North, and the Sun's 
Altitude is 37d. 49m. 

Here are two Angles and one Side oppoſite given, as before, 
in the laſt Problem : That is, P © 70d. 20m. the Sun's Diftance 
from the elevated Pole, PZ © 107d. 5om. his Azimuth from 
the North, and ZPO 524d. or zh. 28m. the Hour of the Day 
from Noon; which Triangle is made and wrought by Prob. . 
the laſt foregoing. 


Prob. XI. The Latitude and Longitude of a Star, and the 
Obliquity of the Ecliptic given, to find the Right Aſcenſion, 
and the Declination of that Star ? 


Definition 1. Latitude of a Star, is an Arc of a Circle of Longi- 
tude, 2 between the Star's Center and the Ecliptic. 
2. Longitude of a Star, is an Arc of the Ecliptic, contained 
between the Beginning of Aries, and that Circle of Longitude 
which paſſeth over the Star's Center, and counted according to 
the Succeſſion of the Signs. 


| Example. 
Latitude -- 22d. 52m, North, 
Capella, or the Goat, the | Longitude - - 18d. — in I, 

In the Oblique Spheric Triangle PKD. Plate 7. Fig. 1. is 
to be noted. ; 

1. PK the Diſtance of the Pole of the Ecliptic from the Pole 
of the World, equal to the Ecliptic's Obliquity 23d. 29m. 

2. KD the Complement of the Star's Latitude, or its Diſtance 
from one Pole of the Ecliptic., 

2. PD the Complement of the Star's Declination, or its Diſ- 
tance from the correſponding Pole of the World. 

4. PK the Star's Longitude from S, if the Star's Latitude 
be North, but from WM, if it be South; that is, from &, if the 
Ecliptic's North Pole be one Angle; but from yp if its South 
Pole be one Angle of the Triangle. 

5. KPD the Star's Right Aſcenſion from W, if its Latitude be 
North; but from q, if its Latitude be South: That is, if the 
Ecliptic's North Pole be one Angle, &c, as before in Note the 


th, 
2 Here 
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Here are two Sides, and one Angle between them given; 
That is, PK 23d. 29m. the Diſtance of the North Poles of the 
Eguinoctial and Ecliptic, KD 67d. o8m. the Complement of 
the Star's Latitude, and PKD 11d. 58m. the Star's Longitude 
from (wanting of) Cancer; which Triangle is made by Prob. 
18. of Spheric Trigonometry Geometric, Chapter 5, Section 
2, in Pages 129 and 130. And by Problem q, Caſes 7 and 8, 
in Pages 144 and 145, the Proportion are as follows; ' __ 


Firſt, To find the Star's Right Aſcenſion, d. m. 
1. As S. half Sum of the Sides PK and k- 45 19 
Is to S. half their Differ ene 21 50 
So is T. c. of half the Angle PED-- == -- - - - - 84 or 
To T. half Diff. of the Angles DPK and PDK - - - 78 40 
2. As S. c. half Sum of the Sides KD and KP - - - 77 47 
Is to S. c. half Difference - - - - « - - - - - - - 68 16 
So is T. c. of half the AnglePKD - -- 84 cr 
To T. half Sum of the 8 DPK and PDK - - 85 27 
Unto which add their half Difference before found - 78 40 
And it giveth the Angle PP 164 07 
From which ſubtrat AQ - - - - - - - - - - - 90 o 


Remainder is AM the Star's Right Aſcenſion - - 74 07 
From the Beginning of Aries 


Secondly, For the Star's Declination, d. m. 
As S. KPD Star's Right Aſcenſion from Capricorn - - 164 07 
Is to S. KD the Complement of its Latitude - - - 67 08 
So is S. PKD its Longitude from Cancer - - - - - - 11 <8 


To S. PD the Complement of the Star's Declination 44 15 
W herefore the Star's Declination is North - - = - 45 45 


Problem XII. The Right Aſcenſion of the Sun, and Right Aſcen- 


” fron of a Star given; to find the Time of the Star's coming to, or 
upon the Meridian. 


The Rule. Subtract the Sun's Right Aſcenſion from the Star's 
Right Aſcenſion, the Remainder reduced into Time, is the 
T'ime of the Star's coming upon, or to the Meridian, Afternoon. 


Note; If you cannot ſubtract, add 360 Degrees to the Star's 
Right Aſcenſion, and then ſubtract. 


Example. The 16th of October 1778; I demand at what Time 
Aldeberan or the Bull's Eye, cometh to the Meridian? 15 
e 
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Pm need ow 
Longitude of —_— is} „* e - 38 in Gemini, 

a And therefore you may find that 

By S.] J.] Prob. J f. Je N Sr, | Right If. ir { 41 25 


" | Sun's 201 23 


Then add 360d. ta 65d. asm. the Star's Right Aſcenſion, 
and it is 42 5d. 25m. from which ſubtract 201d. 15m. the Sun's 
Right Aſcenſion, the Remainder is 224d. 02m. which maketh 

14h. 55m. 8 (ec, the Star's coming to the Meridian after Noon, 
that is, 56m. 8 ſec, after Two iy the Morning. 

And F cx having found the Right Aſcenſion, Declination, and 
Time of any Star's coming upon the Meridian, you may by 
Problem 4. Section 2. of this Chapter, find its Amplitude, and 
Aſcenſional Difference, and thereby its Rifing and Setting; its 
Diſtance from the Meridian at any Altitude obſerved by Prob. 1. 
Section 3. of this Chapter, in Page 229, and ſo the Hour of 
the Night thereby; all. which I leavę for the Exerciſe of thoſe 
that are learning theſe Things. | 


Sefion IV. The Doctrine of the Spbere, or Spheric Trigonometry, 
applied in ſundry 4fronomic Problems, uſeful in, avigation, 
according to the Pythagoregn Sy/tem, | 


. E Pythagorean Syſtem of the World, lately revived by 
Copernicus, is now generally received by the beſt Aſtrono- 
mers; it being indeed moſt agreeable to the Motions of the 
heavenly Bodies, confirmed Experimentally by conſtant Obſer- 
vation of them, in which are thefe fundamental Principles. 

1. That the Earth is carried round the Sun in a large Orb, or 
* * betwixt the Orbs of the Planets Mars and Venus, once in 
a Year. 

2. That beſides this annual Motion, the Earth turus round 
her own Axis ance in 24 Hours. 

—% 3- And that the ſaid Axis of the Earth, is inclined to the 
Plane of her Orb at the ſame Angle, and keeps in all Parts of it, 
nearly parallel to itſelf. | 

On theſe Aſſertions, but chiefly the Second (to wit, the 
Diurnal Motion of the Earth about its own Axis, once in 2 
Hours, whereby all the viſible Appearances of the ys : 

ixe 


Place this net 
| after Page 236. 


Set, W. Aftriniontic Problemti = 23 


Fixed Stats are reſolves) I ſhall at preſent confine my Diſcourſe, 
and on theſe the following Problems are grounded, 

In order to a right underſtanding thereof, I will explain the 
Circles of the Sphere, and how they ate drawn in the Stereogta- 
phie Projection, on the Plane of the Earth's Ecliptic, before I 
ſhew how to calculate any of its Requiſites. 


Note; In the following Deſeription, I make ufe (for the moſt 
part) of the ſame Letters for the ſame Things, as before in the 
Ptolomaic Projection, treated of in this Chapter. 

The Deſcription of the Circles of the Sphere (as grounded 
on the antient Pythagorean, or Copernic Syſtem of the World) 
are as follow. 

1» The Sun illuminateth one half of the Body of the Earth 
continually ; as repreſented by Plate 8, Figure 1 and 2, wherein 
the Lines HKS, er HLS, which determine the illuminated 
Part of the Earth's Diſk HOS, from the obſcure HDS; the 
ſaid HKS or HLS, is called the Horizon of the Earth's Diſk. 

2: The Primitive Citcle TSM, is the Eatth's Ecliptic; 
which always lieth in the Plane of the Eeliptic in the Heavens. 

The Poles of the Ecliptic ate K and L; the firſt is the North 
Pole of the Ecliptic, on the Earth's Globe, and the latter the 
South Pole thereof. | 

The Poles of the Earth's Globe are P and I; the firſt it is 
North, arid the latter it is South Pole: Each being 23d. 29m. 
from its correſpondent Pole of the Ecliptic ; that is, KP, equal 
to LI, is equal to 23d. 29m. on the Scale of half Tangents, and 
is called the Line of Direction of the Earth's Axis, 

3. The Equinoctial in the Heavens, ot the Equator on the 
Earth, is repreſented by the Oblique Circle TQ, of YA ex, 
of which P and I are the Poles, and they are drawn with the 
Secatit of 23d. 29m. according to Problem 2. Caſe 4. of Spherie 
Geometry, in Pages 112 and 113. 

4. All Meridians paſs through the Poles of the Earth's 
Globe; as here Y P, or Y | +, are Meridians, and drawn 
— the Secant of 66d. 31m, the Complement of 23d. 29m. as 

ore, 

P, or JI, is called the Firſt Meridian; and the 
Meridian q PK yp or & LI yp is the Earth's Sotſtitial Colure : 
For whenever the directed Rays of the Sun tun parallel to this 
Meridian, (and that is, when the Sun appears from the Farth, 
to be either in 93 or vp) then the longeſt and ſhorteſt Da) s ae 
made in all Places on the Globe of the Earth, 

„ The 


|. 
| 
| 
| 
| 
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The Earth's EquinoQtial Colure, is V K , or VL, for 
whenever the Central Rays of the Sun runs parallel to it, the 
Days and Nights are equal in all Places: Or, according to the 
Ptolomic Syſtem, the Meridian TP, and Y a, is the 
EquinoGional Colure, though here we call it the firſt Meridian. 

5. Circles of Longitude, paſs through the Poles of the Eclip- 
tic, and in this Projection, are Right Circles; therefore are 


Tight Lines, as Y K A, 6 LW ©KD, Oc. 


Wherefore the Point in the Earth's Periphery, oppoſite to the 
Sun, or to a Star, or lying in a right or ſtreight Line produced 
from K or L, thro' the Center of the Sun, or any Star is called 
(the. Sun's or Star's Place in the Ecliptic. 

. Theſe are the Great Circles belonging to this Projection: 
Now folioweth, | An | 


| - 


"HOLT. ., Deſcription of the Parallels or Leſs Circles. 


6. Parallels of Declination are here parallel to an Oblique 
Circle ; the Equinoctial Y Q <, and Y A a, being ſuch. 
The Tropics are two Parallels of Declination, diſtant from 
the Equinoctial 23d. 29m. or 66d. 31m. from each Pole of the 
World; as 3 fg f S, and Mhi h M; the firſt is the Tropic 
of Cancer ; the latter the Tropic of Capricorn. 

: Theſe Tropics are thus drawn; from the Scale of Half Tan- 
gents Jay on the Solſtitial Colure 46d. 58m. (the double of 23d. 
29m.) from M to go or from S toi, Or thus, lay the Half 
angent of 43d. 02m. (the Complement of 46d. 58m.) from 
K to g, or from L toi: Then the middle between g and g; or 
between M and i, is the Center of theſe "Tropics. 
Ihe Polar Circles are two Parallels of Declination, diſtant 
from the Equinoctial 66d. 3im. or 23d. 29m from each Pole 
of the World, as Knon K, and LPrPL; the firſt is the Artic, 
the other the Antartic Circle, 

They are thus drawn; on the Solſtitial Colure lay the Half 
Tangent of 46d. 58m. (the double of 23d 29m.) from K too, 
of the L tor; then the middle between K and o, or between 
L and r, is the Center of thoſe Polar Circles. 

7. Parallels of Latitude, with reſpect to the Heavens, are in 
this Projection, parallel to the Primitive Circle, which here is 
the Ecliptic; as any Circle drawn on K or L as a Center, is a 
parallel of Latitude. | +; 2645 net 

All theſe Circles are general, as belonging to this Projection, 
without having regard to the Latitude of any particular Place 

| on 
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on the Globe of the Earth. The Deſcription of the Meridians 
or Hour Circles, Azimuths and Parallels of Latitude; alſo how 
to draw them, (theſe being peculiar to a particular Latitude) 
you ſhall have in their proper Places, as they come in Uſe in the 
following Problems. x am! 


Problem I. The Sun's Place in the Eliptic given; to find his Dif- 
tance from the North or South Pole of the Globe; his Right Aſcan- 
fron; and the Angle which the Meridian paſſing through it, makes 
with the Ecliptic. | . 


Example. The Sun's Place being in the Beginning of Gemini, «r 
bo Degrees from the fir/t Point of Aries; I demand his Diftance 

from the Pole, &c. * 5 

1. To do this, lay the Sun's Longitude 60d. on the Primi- 
tive Circle, from F to ©. 

2. Through © and P, or © and I, draw a Great Circle © 
PD, or © ID, which is the proper Meridian, to the Place of 
the Sun. i 

Then, between the proper Meridian, the Ecliptic, and the 
Solftitial Colure, there is formed a Rectangle Spheric Triangle, 
having its Legs given; to find the Hypothenuſe, and two An- 
gles ; That is, ds 

In the Rectangle Spheric Triangle P 93 ©, or I O, Plate 
8. Figures 1 and 2. 

1. The Leg O &, is the Complement of the Sun's Longitude 
from V, or his Diſtance from 30d. 

2. The Leg s P, or 9 I, the Diſtance of the Pole of the 
Globe from the Ecliptic; or the Complement of the Diſtance 
of the Poles of the Globe and Ecliptic 66d. 31m. 

3. The Hypothenuſe PO, or I ©, the Sun's Diſtance from 
the North, or South Pole of the Globe. 

4. The Angle g= P G, or 5 I ©, the Complement of the 
Sun's Right Aſcenſion, from the neareſt Equinoctial Point. 

5. The Angle PO , orl &, the Angle of the proper 
Meridian with the Ecliptic. | 
I. For the Sun's Diſtance from the Pole, the Proportion by 
Chapter 5, Section 4, Problem 5, Caſe 14, of Spheric Trigo- 

nometry Rectangular, in Pages 139 and 140, is thus, 
As Radius «+ S. c. Legs :: S. c. Legs P. S. c. HypothenuſeP© 
As S. god. .. S. bo Deg. : ; S. 23d. 29m. ++ S. 20d. 11m. the 
Reflection. | 
That is, 


As the Radius is to the Sine of the Sun's Longitude from the 
Equinoctial Point V. 5 
© 
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go is the Sine of the two Poles Diſtance, to the Sine Comple- 
ment of the Sun's Diſtance from the neareſt Pole of the Globe, 
ot to the Sine PB, or I B, the Reflection, which is equal to the 
Bun's Declination in the Ptolomaic Syſtem z In this Caſe 20d, 
Im. North. | 

2. For the Sun's Right Aſcenſion, the Proportion is, 

As Radius 8. Leg P.& : : T. c. Legg & + T. c. Angle esp G. 
As S. cod... 8. 66d. 31th. : : T. God. F. $7d. 50m. Sun's Right 


Aſcenſion. That is; | 
As the Radius is to the Sine Complement ef thee two Poles 
Diſtaheez | 


80 is the Tangent of the Sun's Longitude, from the neareſt 
Equinox, to the Tangent of his Right Aſcenſion from the ſaid 
Equinox. 

3. For the Angle of the proper Meridian with the Ecliptic, 
the Proportion is, | | | 
As Radius S. Legs © : : T. c. Leg e P. . T. Angle PO s. 
As S. god. 8. od. : F. 23d. 29cm. T. 12d. 1 5m. 

i hich ſubtract from — — — god. 20m. 


The Remainder being — — — 77d. 45m. is the 
Angle of the Meridian and the Ecliptic. 

In the ſame Rectangle Spheric Triangle, may Problem 2 and 

3. of Section 2. of this Chapter be reſolved, which J paſs over, 


Problem II. The Latitude of a Plate on the Globe of the Earth, 
and the Sun's Place in the Ecliptic given; to find his Am- 
plitude and A cenſional Difference, and ronſequehily his 
Rifing and Setting. 5 
Example. The Latitude 531d. 32 0. North, Sun's Place ood, in 
Gemini given; what's the Sun's Amplitude, and Aſcenſional 
Difference ? | 
1. To do this, after you have done what was directed in 
Problem i. Then get the Sum and Difference of the Latitude's 
Complement, and the Diſtance of the two Poles, that is, the 
Sum, and Difference ot 38d. 28m. and 23d. 29d. the firſt is 61d. 
57m. and the latter is 14d. 5gm. 
2. Then make K 7, or Lr equal to the Half-Tangent of 61d. 
= and alſo K Mor LN equal to 14d. 50m. from the ſame 


3. The middle between m and t, is the Center of the Circle 
a beztdeln, which is the Parallel of Latitude for 51d. 3am. 
and in this Projection it is the Eine deſcribed by London, as the 
Earth runs round, and from thence is called che Path of I 
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And if you conceive the Colures, all the Meridians, the Path 
of any Vertex, and indeed all the Lines and Circles that are, or 
ſhall hercaſter be deſcribed, as a fixed Rate, cloſely inveſting the 
Earth, while the turns round within it, whoſe Motion about its 
Axis being from Weſt to Eaſt ; then the Sun is ſaid to Riſe, 
when the Vertex paſſeth that Point in that Path where it cuts 
the Horizon of the Earth's Diſk, which is here at a; to culmi- 
nate or to be on the Meridian, where it croſſeth the proper Me- 
ridian betwixt him and the Pole, which here is at z; and to 
Set where the Vertex paſſeth the other Interſection of the Path 
and Horizon, as here at &. 

4. Thro' a and ©, draw a Great Circle, as alſo thro' a and P, 
ſo haye you two Triangles on the Eaſt-fide of the Meridian; to 
wit, 5 af a, and PB a; in like Manner if you draw Great Circles 
thio'Pand h; and thro” © and h; they will form two Triangles 
on the Weſt, or deſcending Side of the Meridian : 'But any of 
theſe four Triangles may ſerve to anſwer the Problems, and there- 
fore I take one Triangle at Sun-riſing, which may ſuffice for 


Sun- ſetting ; wherein obſerve, 


In the Rectangle Spheric Triangle P B a, Plate 8. Fig. 1. 


1. The Leg PB the Reflection, or that which is equal to the 
Sun's Declination, found by Problem 1, in Page 239, to be 
20d. 11m. North, 

2. The Hypothenuſe P a, the Complement of the Latitude of 
the Place, or the Diſtance of the Pole from the Vertex, in this 
Example 38d. 28m. 

The Angle BaP the Amplitude, or the Complement of the 
Sun” s Azimuth, from the North in North Latitude ; ; and from 
the South in South Latitude; for the Angle Pa O is the Azi- 
muth ſrom the North at Sun-riſing, and the Angle BP is its 
Complement, and therefore equal to the Sun's Amplitude. 

4. The Angle BPa, the Hour from Ig ; that is, the 
Time of the Sun's Riſing after, and ſetting before 12 at Night. 

1. For the Angle at BaP, the Sun's Amplitude; the Pro- 
portion by Chapter 5, Section 4, Problem 1, Caſe 2, in Pages 
135 and 136, is; 

As S. Hypot. P a++ Radius: : S. Leg BP. . S. Angle B 4 P. 
As S. 38d. 28m. ++ S. god. :: S. 20d. Im. + S. 33d 42m. 
. * 

As the Sine Complement of the Latitude, is to the Radius; ſo 
is the Sine of the Reflection, to the Sine of the Sun's Amplitu de, 
33d. 42m. from the Eaſt Northerly, at Sun-rifing ; and from 
me Weſt Northerly, at Sun- _ 


2 F Os 


— 
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2. For the Angle B | a, the Complement of the Aſcenſional 
Difference, the Proportion by the aforeſaid Problem 1, Caſe 1, 
in Page 135, is thus, 

As Radius · T c. Hypot. P a:: T. Leg BP. S. c. Angle BP a. 
As T. 45 . T. 58d. 32m. :: T. 20d. 11m. . . S. 27d. 34m. 
The Sun's Aſcenſional Diff. which is equal to 1h 50m 16 ſec, 
the Time the Sun riſeth before tix; and as much after ſix, is 
t. Sun's Setting, becauſe th. Laiicude is North, and the Sun in 
a worthern Sign; but it is the contrary, when one is North, 
and the other South. 

In this Friangle may Problems 4, 5, 6, 7, 8, 9, 10 and 11, 
of Section 2, of this Chapter be reſolved, 

Problem 3. The ſame given as before in Problem 2, to find 
the Sun's fiance from the Vertex, when due Eaſt or Weſt, and 

the Time from Noon when he ſhalt be ſo. Plate 8. Fig. 1. 

Example. 


Latitude 51d. 32m. N. f given z ebe 0 Sun's Zenith Dif." 


Sun's Place ood. oom. in N Time when he is E, 
or Vi eſt required? 

1. Todelineate this, after the proper Meridian, and Path cf 
the Vertex, or parallel of Latitude is drawn, as before in Prob. 
1 and 2, Then through © and D, draw a Great Circle, juſt 
to touch the Path of the Vertex, on either Side of it, as the 
Gblique Circle D, and G4 D. 

2. Through P and c, or P and d, draw a Great Circle, to cut 
© cd, © 4 I at Ri zht Angles, which is the Place of the Vertex, 
when ihe Sun ſhall appear due Eaſt or Weſt : And then are 
formed two Triangles Pe ©, and Pd O; one when the Sun is 
Eau, nd the other when he is Weſt ; in each the fame Things 
are given and required: Therefore obſerve, 

In the Rectangle Spheric Triangle, pe O. Plate 8. Fig. 1. 

1. The Hypothenuſe P, the Sun's Diftance from the Pole, 
found by Problem 1. to be 9d. 49m. the Complement of the 
Reflection. 

2. he Leg Pe, the Diſtance of the Pole from the Vertex, 
or Complement of the [. atitude, in this Example 38d. 28m. 

3 The Leg c, the Sun's Diſtance trom the Vertex, or 
Cenplement of his Altitude when Eaſt; and the fame when 
ber 

The Angle Pe, the Hour flow Noon, when he is cr 
tal appca. to be Eft or Weit. 

For tte Leg © c, the Sun's Zenith Diſtance, the Propor- 
Pp by hapter 5, Section 4, Problem 1, Caic 3, in Pages 
135 And Ic, 18, 


„ s X= 


4 
6 
b 
Fi 
& 
£ 
: 


Sect. IV. Aſtronomic Problems. 243 


As S. c. Leg PC.. Radius:: S. c. Hypot. OP. . S. o. Leg O c. 
As S. c. 5 1d. 32m. . S. god.::: 20d. 1im. .S. 26d. om. 
Sun's Altitude when Eaſt, and the ſame when Weſt. 

That is, 

As the Sine of the Latitude is to the Radius ; 

So is the Sine of the Reflection, to the Sine Complement of 
the Sun's Zenith Diſtance ; or his Diſtance from the Vertex, in 
this Caſe 63d. 51m. 

2. For the Angle © P c, the Hour from Noon, the Propor- 
tion is: 

As Radius · T. Leg Pe: : T. c. Hypot. P. O.. S. c. Angle © Pc. 
As T. 45d. T. 38d. 20m. : T. 20d. 11m. . S. 16d. 50m. or 
Ih. 7m. 56 ſec. 

That is, 


As the Radius is to the Tangent Complement of the Latitude; 

So is the Tangent of the Reflection, to the Sine Complement 
of the Hour from Noon, when the Sun is due Eaſt, or Weſt; 
the Sun is Eaſt at m. 56 ſec. after 7 of the Clock in the Fore- 
noon, and Weſt at 52m. 4 ſec. after 4 in the Afternoon. 

In this Triangle may Problems 18, 19, 20, 21, 22, and 23, 
of Section 2. of this — be reſolved. / 

Problem 4. The ſame given as before in Problem 2, to find the 
Sun's Diſtance from the Vertex ; and his Azimuth at the Hour 
of Six. Plate 8, Fig. 1. 

Example. 


Latitude 1d. 22m. N. 7 Zen Diſt 
The Fes Place i = in U. given; theSun's 12 
at 6 of the Clock is required? 

1. To delineate this, after the proper Meridian and Path of the 
Vertex are drawn, as before in Problem 2 : Then through P, 
draw a Great Circle at Right Angles, with the proper Meridian, 
to cut the Path in 5, and in e, and the Horizon of the Earth's 
Diſk in A, where it always interſe&s the Equator as the Dblique 
Circle Ab Pe, or AbTe, which is the Meridian or Hour Circle 
of Six, ſo that þ (in the Path) is the Place of the Vertex at fix 
in the Morning; ande its Place at ſix in the Afternoon. 

2. Therefore through © and b, or © and e, draw a Great 
Circle, and you will form two Right-angled Spheric Triangles 
P O, ore PO : One of them is ſufficient to ſolve the Queſtion, 
being equal Triangles : If you take the firſt at fix in the Morn- 
ing 3 it follows ; 

n the Right-angled Triangle 5 PO. Plate 8. Fig. 1, 
1. The Leg Pb, the Diſtance of the Pole from the Vertex; 
or the Compicment of the Latitude, in this Example 38d. 28m. 
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2. The Leg P ©, the Sun's Diſtance from the Pole, found by 
Problem 1, to be 69d. 49m. the Complement of the Reflection. 


3. The Hypothenuſe þ ©, the Sun's Diſtance from the Vertex, 
or Complement of his Altitude at the Hour of ſix. 


4. The Angle P ©, his Azimuth from the North, in all 
North Latitudes, and the contrary in South Latitudes : For in 
what Pait of the Path foever the Vertex is found, that Part of 
the Hour Circle, intercepted between it and the North Pole of 
the Globe, is the North Part of that Meridian, or Hour Circle; 
and intercepted betwixt it and the South Pole, is the South Part 
of the Meridian. 


&, For the Hypothenuſe b ©, the Sun's Diſtance from the 
Vertex at the Hour of 6, the Proportion by Chapter 5, Section 
4, Problem 5, Caſe 14, (in Pages 139 and 140) is; 


Radius +-S.c.LegPb :: S. c. Leg PO: : S. c. Hypot. b ©. 
8. god. ++ S. 5 1d. 32m. : : S. 20d, 11m. : : S. 15d. 40m. the Sun's 
Altitude at ſix in the Morning, or at fix in the Afternoon. 


That is; 


As the Radius is to the Sine of the Latitude; 

So is the Sine of the Reflection, to the Sine of the Sun's 
Altitude, or Complement of his Diſtance from the Vertex, at 
the Hour of 6, equal to 74d. 20m. | 

2. For the Angle P ©, his Azimuth at 6, the Proportion is; 
As Radius - S. Leg Pb:: T. c. Leg PO T.c.AnglePbo. 
As S. god. S. 38d. 28m.:: T. 20d. IIm. .. T. 12d. 52m. the 
Sun's Azimuth from the Eaſt, at 6 in the Merning ; but from 
the Weſt, at 6 in the Afternoon. 


That is, 


As the Radius is to the Sine Complement of the Latitude ; 
So is the Tangent of the Reflection, to the Tangent Com- 
plement of the Sun's Azimuth from the Meridian, at the Hour 
of 6, equal to 77 Deg. o8 Min. from the North; that is al moſt 
E by N. at 6 in the Morning, and ncar W. by N. at 6 in the 
Afternoon. 

In this Triangle may Problems 12, 13, 14, 15, 16, and 17, 
of Section 2 of this Chapter be reſolved. 

Prob, 5. The Sun in the Equinoctial, the Latitude of a Place, 
and his Altitude given; to find his Azimuth, and Hour of the 
Day. 

Note; The Sun is ſaid to be in the Equinoctial, when he is 
in the Beginning of FT, or S; and then he hath no Declina- 
tion, ee Ex- 


„ 


N 
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Latitude 51d. 32m. N. 3 Sun's Azimuth, 
Ex. Th © Altit. 33d. oom. A. M. Jever. The} Hour of the Day 


Required ? To delineate this, Plate 8. Fig. 1. 


1. The Sun in the Beginning of V, then the Horizon of the 
Farth's Diſk is 5 P K W, and the proper Meridian then is Y 
p; the Sun's Riſing at London, is at m, his Setting at t, Ec. 
The Path of the Vertex being drawn as before in Problem 2. 


2. Then (by Problem 9, Caſe 2,) of Spheric Geometry, in 
Page 121, draw a parallel Circle at 579d. Diſtance from Aries, to 
cut © the Path i in , the Place of the Vertex of London, when its 
Diſtance from the Sun is 57d. the Complement of the Sun's 
Altitude. 


3. Draw a Meridian through P andes, and a Great Circle 
through 6 and V, the Place of the Sun, ſo will you form the 
Triangle Y P 6, andbPK; either of them will ſolve the 
Queltion ; ; 


In the Rectangle Spheric Triangle PK h. Plate 8. Fig. 1. 


1. The Hypathenuſe P'b, the Diſtance of the Pole from the 
Path of the Vertex, or Complement of the Latitude, equal ta 
38d. 28m. 


2. The Leg K b, the Sun's Altitude, or the Complement 
of his Diſtance from the Vertex, equal to 33d. 


3. The Angle P K, (the Supplement of'the Angle Pb V, 
the Sun's Azimuth from the North) is the Sun's Azimuth from 
the South, in all North Latitudes ; But from the North, in all 
South Latitudes. 


4. The AnalebP K, the Complement of the . P V, 
(the Hour ſtom Noon) is the Hyur of the Day from Six. 


For the Angle P? K, the Sun's Azimuth from the Meri- 


. the Proportion (by Chapter 5, Section 4, Probicm 1, 
Caſe 1, in Page 125) is, 


As Radius · T. e. Hypot. Pb: : T. Leg K b. 8. e. Angle PBK. 
. d. T. 51d. 32m. :: F. 33d. . 54d. 4% in. the 
Sun's 1 from the Eaſt. That is, 


As Radius is to the Tangent of the Latitude; 

So is the Tangent of the Sun's Altitude (when i in the Equi- 
noctial) to the Sine Complement of its Azimuth from the South, 
that is, 35d. 11m. South Eaſterly, or SE. by S 4 E. almoſt, 

2, For the Angle bP E, the Hour from C, the Propoition is, 
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As S. Hypot PB. Radius:: S. Leg K 5. S. Angle h PK. 
As 8. 38d. 28m. . . S. god. : : S. 33d. com. . S. 61d. obm, 
equal to 4h. 4m. That is, | | 

As the Sine Complement of the Latitude is to Radius ; 

So is the Sine of the Sun's Altitude (when in the Equinoctial) 
to the Sine of the Hour from Six, 61d. 6m. equal to gh. 4m, 
24 ſec. which add to 6, makes 4m. 24 ſec. after 10m. in the 
Morning ; but had it bcen in the Afternoon, it muſt have been 
ſubtracted from 6. — 

In the ſame Triangle, five Problems more may be reſolved, 
which 1 leave for the Learner to invent, | 


Problem 6. The Latitude of a Place, the Sun's Place in the 
Ecliptic, and his obſerved Diſtance from the Vertex given; 
to find his Azimuth, and the Hour of the Day. 


Latitude 51d. 32m. N. wen { Sun's Azim. )) 
The ] Sun's Place ood. oom. in 1 ** Hour of the (. 
©'s Altitude 36d- oom. A.M, : Day, 
To delineate this. Plate 8, Fig. 1. 


1. Draw a Parallel Circle 54d diſtant from G, (the Place of 
the Sun) and where it cuts the Path (of the Vertex) is the Place 
of the Vertex, when its Diitance from the Sun is 54d. or when 
the'Sun's Altitude is 36d. as here it doth at 7 and 5. 


2. Through 7 and P; and through 7 and ©, draw Great Cir- 
cles, which will form the Oblique Spheric Triangle © P 7; 
the like may be done through 5 and P, and through 5 and O; 
which will form two other Triangles equal to them. 


In the Oblique Spheric Triangle © P 7. Plate 8. Fig. 1. 

1. The Side P ©, the Diſtance of the Sun from the Pole, 
found by Problem 1. to be 69d. 49m. the Complement of the 
Reflection 20d. 11m. equal to the Sun's Declination. 


2. The Side P 7, the Diſtance of the Pole from the Vertex, 
or the Complement of the Latitude equal to 38d. 28m. 


3. The Side © 7, the Sun's Diſtance from the Vertex, or the 
Complement of his Altitude in the Forenoon 54d. oom. 

4. The Angie P 7 ©, the Sun's Azimuth from the North, 

5. The Angle © P 7, the Hour of the Day from Noon. 


require 


The Angles P7 © and © P may be found by Chapter 5, 
Section 5, Problem 11, Caſe 11, of Oblique Spheric Trigono- 
metry, in Pages 147 and 148, for there are three Sides given, to 
find an Angle; and when wrought you'll find the Angle P? v. 

| | | : 1034. 


0 
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103d. 16m. the Sun's Azimuth, from the North, or 76d. 44m. 
from the South Eaſterly, which makes E. by S. almoſt. 


And the Angle OP) is 57d. 02m. or 3h. 48m. 8 ſec. the 
Hour from Noon, which is 8h. 11m. 52 ſec, in the Morning. 


But if in the Afternoon, then the Hour of the Day would be 
h 48m. 8 ſee. and the Azimuth 76d, 44m. South Weſte ly, or 
V. by S. a!moſt 

In this Triangle may Problems 1, 2, 3, 4. 5, 6, 7, 8, 9s 

and 10 of Scctien 3, of this Ch. pter be reſolved, 


Problem 7. The I ongitude and Latitud- of a Star given; to find 
its Right Aicention an! Deciination,” " 


Example. Let the propoſed Star be Capelli, and ſuppoſing its 
Longitude 48d. 02m, in I. . -, Right Aſcenſion ? 
La.itude 22d 52m. North. { wann Declination ? 


To delineate this Problem. Plate 8 Fig. 1. 

1. Lay off the dtar's Longitude 78d. om, fem the Chords) 
on the Primitive Circle from V to y, and draw the Circle of 
Longitude K y. 

2. From the Half-Tangents lay 67d. o8m. {the Comple ent 
of the Star's Latitude, or its Diſtance from the v»&eareft Pole of 
the Ecliptic) on the Circle of Longitude from X to +. 

3. Through P and &, draw a Great :rcle, which is a 
Meridian paſſing over the Star, and it is done. 

In the Oblique Spheric Triangle K , Plate 8. Fig. 1. 
Obſerve : 

1. The Side PK, the Diſtance of the two Poles, or Line of 
Direction of the Earth's Axis equa! to 23d. 29m 

2. The Side K &, the Star's Diſtance from the Pole of the 
N or the Complement of its Latitude, equal to 67 Deg. 
8 Min, 

- 3. The Angle PK, the Star's Longitude from the Solit; ical 
Colure, in this Problem 11d. 58m. from . 

4. The Angle PK *, the Star's Right Aſcenſion from me 
oppolite Point of the ſame olure. 

5. The Side P *, the $i :r's Diſtance from the Pole of he 
Globe, or Complement of iis Declination, 

So that here are two Side and an Angle hetween them gen, 
to find an Angle, and the third Side, which is performed ny 
Chapter 5, Section 5, Problem 9, Caſe 7 and 8 of aue 
S oheric l'rigonometry, n Pages 144 and 145. ai: being ine 
ſme as Problem 11, cf Section 3, of tnis Chapter, ii. Page 2 44. 
J leaye it to the Learner's Working, | 
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Problem 8. The Latitude of a Place, the Sun's Place in ' the 
Ecliptic, and the T'ime 6f the Day given ; to find what Point 
of the Ecliptic culminates, the higheſt Point of the Ecliptic, 
(called the Nonggeſimal Degree, or goth Degree of the Ecliptic) 

the Diſtance of each of theſe from the Vertex, and the Paral- 
lactic Angle, or Angle which the Vertical Circle makes with 
the Ecliptic. 


It is uſual to find theſe Things in the Calculation of Eclipſes, 
and the Moon's paſſing over Fixed Stars; which in the Ptolo- 
maic Projection are, with much Difficulty, ſhewn ; but in this 
moſt readily and eaſily repreſented. 

Example, 
Latitude 51d. 32m. N. 8 Point Culminating, 
Sun's Place ood. com. in E 55 : Van. ie Deg. ö 
Hour gh. oom. A. M. ' Vert. Diſt. of each. 
required ? To delincate this, Plate 8. Fig. 1. 

1. The Sun's Place, proper Meridian, and Path of the Ver— 
tex, being drawn as before, draw an Hour Circle, or Meridian 
through P, making an Angle with the proper Meridian of 45d, 
(the Diſtance of the given Hour from the proper Meridian) 
as Pg, to cut the Path of the Vertex in 9, and the Earth's 
Ecliptic in C, and in F. | 

2. Through © 9, and D, draw a Vertical Circle ; and thro? 
K and q, draw a Circle of Longitude, to cut the Primitive 
Circle in N, and it is done : For, 

1. C is the Point of the Ecliptic culminating, or in the 
Meridian of the Place, at the given Time. 

2. N is the Nonage/imal Degree, or the higheſt Point of the 
Ecliptic at the ſame Time. 


3. C9g,andNg, are their reſpective Diſtances from London“ 
Vertex at that Time. 8585 

4. The Angle N © 9, is the Parallactie Angle, or Angle which 

the Veztical Circle makes with the Ecliptic at the ſame Time, 
In the Rectangle Spheric Triangle PS C. 

1. The Angle CP &, is the Complement of the Right 
Aſcenſion of the Mid-haven, or Point of the Ecliptic in the 
Meridian of the Place at the propoſed Time, being the Time 
from Noon, (when Afternoon added to the Sun's Right Aſcen— 
ſion, found by Problem 1. But when the propoſed Time is in 
the Forenoon it mult be ſubtracted) in this Caſe is 77d. 11m. 
the Complement of 12d. 40m. found by ſubtracting (the Tine) 
45d. from 575d. 40m. the Sun's Right Aſcenſion. 

2. The Leg P S, is the Complement of the Diftance of the 
Poles of the Equinoctial, and Ecliptic, equal to 66d, . 
3. The 
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3. The Leg C , the Complement of Y C, is the Longitude 
of the Mid-heaven from S, or the Point of the Ecliptic culmi- 
nating in the Meridian, at the propoſed Time, 

4. The Hypothenuſe CP, is the Diſtance of the Mid-heaven 
from the next and neareſt Pole of the Equinoctial, at the ſame 
Time. 

1. For the Leg C g, the Point culminating, the Proportion 
by Chapter 5, Section 4, Problem 3, Caſe 7, in Pages 137 and 
138, is; 

Fe Radius . S. Leg P 9 :: T. Angle CPS. T. co. Leg Cs. 
As S. god. +» S. 66d. 31m. : : T. 77d. 11m. ++ T. 76d. 03m. whoſe 

Complement 13d. 57m. is Y C; therefore the Longitude of 

Mid-hgaven is 13d. 57m. in V. 

2. For the Hypothenuſe CP the Proportion is 
Radius . S. c. Angle CPS : : T. c. Leg PSS. T. c. Hypot. CP. 
8. god... S. 12d. 49m. :: S. 23d. 29m. . S. 5d. 3om. whoſe 

Complement 84. 2om. is PC, from which take away P 

the Diſtance of the Pole from the Vertex 38d. 28m. the Re- 

mainder is 9 C, the Diſtance of the Mid-heaven from the 

Vertex 46d. 2m. | | 

In the Oblique Spheric Triangle Po K. 

1. The Side PK, the Diſtance of the two Poles 23d. 29m. 

2. The Side P g, the Complement of the Latitude of the 
Place 38d. 28m, 

3. The Angle K Pg, the Difference of the Right Aſcenſion 
of the Mid-heaven, and the firſt Point of Capricorn, equal to 
1024, 49m. found by ſubtracting 270 Degrees, out of (12d. 49m. 
added to 360 Degrees, which is) 372d. 49m. 

4. The Angle PK q, the Longitude of the Nonage/ima, from 
the firſt Point of S. 

5. The Side K 9, the Complement of the Nonage/ima Diſ- 
tance from the Vertex. 

- Firſt, For the Angle PK q, the Proportion by Chapter 5, 
Section 5, Problem 9, Caſe 7, in Pages 144 and 145, is thus; 

1. As the Sine of half the Sum of the Sides P g, and PK, is 
to the Sine of half their Difference ; 

So is the Tangent Complement of half the Angle KP q, to 
_ Tangent of half the Difference of the Angles PK 9, and Po 

; Then, 

2. As the Sine Complement of half the Sum of the Sides 
Pg, and PK, is to the Sine Complement of Half their Diffe- 
rence ; | 

So is the Tangent Complement of half the Angle K Po, to 
the Tangent of half the Sum of the Angles PK gandP 9g 3 

at 
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That is, 
d. m. , d. m. d. m. g d. m. 
1. As S. 30 59 S. 0%. 29: : T. 38 36. T. 11.25. And 
2. ASS. 59.01 S8. 82.31: : T. 38.36 T. 42.43. Which 


being added, is the Angle PK 9 —— — 54.08. = to N 
which ſubtract from — — 00.00. 


Remainder is the Long. of the Nonage/ſimal—— 35. 52. from Aries 
Therefore the Place of the Nonage/imal 5d. 52m. in Taurus 
Secondly, For the Side K 9g. the Proportion is thus; 

As S. Angle PK 9 S. Side P9:: S. Angle KP 9g. S. Side K g. 

As 8. 54d. o8m. . S. 38d. 28m. : : S. 102d. 49m. . . S. 48d 28m, 

the Diſtance of the Vertex from the Pole of the Ecliptie; equal 

to which is the Altitude of the Nonage/imal, whoſe Complement 
41d. 32m. is N q, its Diſtance from the Vertex, 


Again, in the Rectangle Spheric Triangle © Ng. 

1. The Leg © N, the Sun's Diſtance from the Nonage/imil 
in this Caſe 24d. o8m, found by ſubtracting Y N. 35d. am. 
from Y © bod. oom. ; 

2. The Leg N , the Diſtance of the Nonageſima from the 
Vertex, -found as above to be 41d. 32m. 

3. The Hypothenuſe © 9, the Sun's Diſtance from the Vertex, 

4. The Angle N © q, made between the Vertical Circle and 
the Ecliptic, is the Parallactic Angle; to find which the Pro- 
portion (by Chapter 5, Section 4, Problem 5, Caſe 13, in Pages 
139 and 140) is | 
As Radius--S. Leg O N:: T. c. Leg N T. c. Angle NOq. 
As S. god. -- S 24d. o8m. : : FT. 48d. 28m... T. 24d. 47m. whoſe 

- 65d. 13m, is the ParallaCtic Angle N © g at the 

un. 


And for the Hypothenuſe © 9, the Sun's Diſtance from the 
Vertex, the Proportion is, 
As Radius . S. c. Leg O N:: S. c. Leg N . S. c. Hypot. 9, 
As S. god. S. 65d. 52m. : : S. 48d. 28m. . I. 43d 5m. whole 
Complement 46d. 55m. is the Sun's Diſtance from the Vertex, 
at the propoſed Time. 


But to calculate the Parallactic Angle at the Moon, or at a 
Star, that has Latitude from the Ecliptic, it will require a little 
more Labour, as in the next Problem. | 


Problem q. The Latitude of a Place, Sun's Place in the Eclip- 
tic, Time of the Day or Night, and the Longitude, and Lati- 
tude of the Moon, or of a Star, being given ; to find the Pa- 

rallactic 
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rallaftic Angle at the Moon, or at the Star; and it's Diſtance 
from the Vertex. | 
Example. 


Latitude - $g1d. 32m. N. 
Sun's Place - 00d, oom. in II Parallact. Ang.) 3 
Hour - oh. A. M. given, the and . 
* Capella, Lon. 18 02. in 1 Vertical Diſt. J f. 
It's Latityde - 22 52 N. | 


To delineate this, Plate 8, Fig. 1. 


1. Lay off the Sun's Longitude, and draw the proper Meri- 
dian, Path of the Vertex, and the Hour Circle according to the 
propoſed Time, the Vertical Circle, and Circle of Longitude, 
in all reſpects as before in Problem 8. | 

2, Lay off the Star's Longitude and Latitude, as before in 
Problem 7, then is N the Place of the Nonageſima, g the Vertex, 
and & is the Star's Place. 

7 Through & and 9, draw a Great Circle, and it is done. 

or * 9, is the Star's Diſtance from the Vertex; and the 
Angle K # q, the Complement of the Parallactie Angle required: 
In order to find them by Calculation. 

Firſt, Find the Place of the Nonageſima by Problem 8, which 
is Taurus, 5d. 52m. equal to Y N. 35d. 52m. 

Secondly, The Nonageſimal's Diſtance from the Vertex, which 
is N q, is equal to 41d. 32m. 


Then in the Oblique Spheric Triangle & K q. 


1. The Side K , the Star's Diſtance from the next Pole of 
the Ecliptic, or the Complement of it's Latitude, equal to 67d. 8m. 

2. The Side K 9, the Diſtance of the Vertex from the ſaid 
Pole, which is equal to the Altitude of the Nonage/ima, 48d. 28m, 
found by Problem 8, in Page 250. 

3. The Angle * K 9, the Difference of the Longitude of the 
py Star, and the Nonage/ima, equal to 42d. tom. and is the 

ifference of V N, 35d. 52m. and Y y, 78d. o2m. 

4. The Angle K * 9, the Complement of the ParallaQic 
Angle at the given Star, | 

5. The Side & 9, the Star's Diſtance from the Vertex. 


Firſt, o ind the Angle K & 9, the Proportion by Chap. 5, 

Section 5, Problem , Caſe 7, in Pages 144 and 145, is, 
1. As the Sine of half the Sum of the Sides K & and K q; is 
to the Sine of half their Difference; ſo is the Tangent Comple- 
ment 


8 Aſtronomic Problems, Chap. IX. 


ment of half the Angle & K q; to the Tangent of half the Dif. 
ference of the Angle K 9 *, and K & 9. Then, 


2. Asthe Sine Complement of half the Sum of the Sides K x, 
and K q, is tothe Sine Cemplement of half their Difference; 

So is the Tangent Complement of half the Angle x K q; to 

the Tangent of half the Sum of the Angles K g * aud K * 9. 


That is, d. m. d. m. d. m. | 
1. ASS. 57.48 S. 920:: T. 68 55 T. 26 26 And, 
2. As S. 32. 12 · S. 80 40: : T. 68 55+ T. 78 14 They being 
ſubtracted, gives the Angle K * 9-———— 51 48 whoſe Com- 
plement 384. 12m. is the ParallaCtic Angle at Capella. 


Secondly, Lo find i 9g, the Vertical Diſtance, the Proportion is, 
As S. Angle K* 9-+S.SideKg: : S. Angle x K 9. Side & 9. 
As S. 51d. 48m. . S. 48d. 28m. : : 8. — 10m. ++ S. 39. 45m. 

The Diſtance of the Star Capella from the Vertex at the Time 
propoſed. 

I might proceed to other Problems, and ſhew how they are 
formed and repreſented in this Projection, but I leave that for the 
Learner's Exerciſe. 

I paſs by what (at firſt) J intended, which was the Orthogra- 
phic Projection of the Sphere; whereby the Moon's Appulſes to 
the Sun or Stars, and all the Appearances of an Eclipſe, Occulta- 
tion or Tranſit, are repreſented to the Eye; uſeful to find the 
Longitude of Places, on the Globe of the Earth, a Thing much 
talked of, greatly deſired, and by ſome pretended to be found, 
though not made known, and I believe will never be made prac- 
ticable at Sea: However, by this Hypotheſis, with accurate Tables 
of the Moon and Stars Places, and a Way of taking an Altitude, 
or an Angle at Sea unto two or three Minutes, it might be made 
uſeful to obſeve for Longitude, and therefore it is highly worthy 
of ourSeamens Study; but without ſuch Altitudes, it will not find 
the Longitude unto two or three Degrees: And for Encourage- 

ment hereunto, the Government hath, by an Act of Parliament, 
promiſed Twenty Thouſand Pounds; and for the Learner's Help 
herein, I am ready to communicate all the Afliſtance I can elſe- 
where; for here is now no Place for it, leſt the Book (ſwelling 
too big) ſhould be deformed, 

And note; Theſe two Figures in Plate the 8th, are the Re- 
preſentation of the two Hemiſpheres before deſcribed in Chap- 
ter 6, Section 4, in Pages 180 and 181. So that in thoſe larger, 
all theſe Problems may be more exactly formed, and their 


Re- 
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Requiſites more truly meaſured; and if the particular Circles be- 
longing to any Problem, ſuch as the proper Meridian, other Me- 
ridians, Hour Circles, Path of the Vertex, Circles of Longitude, 
aud Vertical Circles, to a particular Time, &c. were drawn with 
Black Lead, ey may be wiped out at Pleaſure, and the Hemiſ- 
phere no ways damaged. | 

And when any Circle happens ſo large as not eaſily to be drawn, 
or ſtruck with Compaſſes, it may be done with a Bow of the Length 
of the Diameter of the Hemiſpheres ; ſuch being well made with 
three Screws, by their turning, will riſe up to the ſeveral Cir- 
cles, that may (in the Projection) be required to be drawn, 


2 — 


r 


Of the Variation of the Compaſs, what it is, how ta find it, and how 
to Rectiſy the Courſes thereby. | | 


Duin 1. Variation of the Compaſs, is an Arc of the Ho- 
rizon contained between the Meridian of the Place, and the 
Magnetic Meridian; it is either Eaſt or Weſt, and never ex- 
cceds go Degrees. | | 

2, Eaſt Variation, is when the North Point of the Magnetic Me- 
ridian lieth Eaſtward of the North Point of the Meridian of the 
Place; but if to the Weſtward, then it is called Weſt Variation. 

3. Magnetic Meridian, is a great Circle paſſing through, or 
by the Magnetic Poles; to which Meridian, the. Compaſs (if 
not otherwiſe hindered) hath reſpect. 8 | 

4. Magnetic Poles, are two moving oppoſite Points, making 
their Revolutions about the Poles of the World (as Mr. Bond 
faid in his Longi:ude found, Page 7.) in 600 Years, in a Circle 
about 8d. 30m. diſtant therefrom ; and their Motion (according 
to his Account) is the Cauſe of the Variation of the Compaſs. 

5. The Variation of the Compaſs is found by an Amplitude, or 
an Azimuth, 55 

6. To find the Variation of the Compaſs by an Amplitude, 
you muſt have the Latitude of the Place, the Declinkdin, and 
Magnetic Amplitude of the Sum given ; | 

7. Magnetic Amplitude, is an Arc of the Horizon, contained 
between the Sun (at his Riſing or Setting) and the Eaſt or Weſt 
Points of the Compaſs ſteered by; Or, it is the apparent Riſing, 
or Setting of the Sun from the Eait, or Weſt Points of the ſaid 
Compaſs, and is found by obſerving the Sun, either at his Ri- 
lng, or Setting, with an Amplitude Compals, 

| 8. Ampli- 
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8. Amplitude, is an Arc of the Horizon, contained between 
the Sun and the Eaſt or Weſt Points of the Horizon; and ig 
found by Chapter 9, Section 2, Problem 4, in Pages 216 and 
217, which is called the true Amplitude, 

9. If the foregoing Amplitudes agree, ,that is, the Magnetic 
and true Amplituds (which is ſeldom) there is no Variation; but 
if they differ, their Difference rightly counted is the Variation, 

Note here; If you always count both Amplitudes from the 
North ; then this is a General Rule. | 


At Sun Riſing _—_ "Hi Amplitude greateſt, the 
Weſt. 


Variation is 0 0 ö But at Sun's Setting it is 5 Eaſt, 


Example 1. At Sun Riſing, ſuppoſe the True Amplitude be 

Eaſt 33 Degrees Northerly, and the Magnetic Amplitude be 

Eaſt 17 Degrees Northerly ; then counting both theſe from the 

| North, the true Amplitude will be North 57 Degrees Eaſterly, 
1 and the Magnetic North 73 Degrees Eaſterly; the Magnetic is 
1 the greateſt, and the Difference is 16 Degrees, which is the Va- 
[| * riation Weſterly: If this had been at Sun-ſetting, the Variation 
[ would then be Eaſterly. 


| Example 2. At Sun-ſetting let the true Amplitude be Weſt 
| 16 Degrees Nottherly, and the Magnetic Amplitude Weſt g 
Degrees Southerly,-both counted from the North, the True Am- 
oo is North 74 Degrees Weſterly, and the Magnetic is 99 
| egrees from the North and is the greateſt ; their Difference is 
| 25 Degrees, which is the Variation Eaſterly. 


| Or thus, in theſe two Rules. 


1. The Amplitudes, both North, or both South; their Dif- 
ference is the Variation: But one North the other South, their 
Sum is the Variation. 5 

2. Both the Amplitudes (before your Face) from you, if the 
True Amplitude be to the Right-hand of the Magnetic, the Va- 
riation is Eaſt; but when it is to the Left-hand, then the Vari- 
ation is Weſt. I 

Theſe Rules will be exemplified in the Problem and Examples 
following. - 


Problem 1. The Latitude of the Place, the Sun's Declination 
and Magnetic Amplitude given ; to find the Variation of the 


Compals: 
The 


- © 7 90a: —— — aa. * 


— 
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Example. | 
Latitude — 51d. 32m. North given; 
The ö Sun's Declination 20d. 10m. The Variati- 
Magnetic Amplitude 17d. 10m. A.M. Jon is required. 


To delineate this Problem Orthographically. Plate 9. Fig. 1. 

1. Deſcribe a Circle and quarter it; on whoſe Diameters place 
W. N. E and S. (but always) N. at the Right-hand, and A at 
the Center of the Circle. 

2. Lay the Lat. if) 23 g from ö 5 upwards to J 
and the ſame way from W to E, and draw the Axis P AI, and 
the Equi noctial Æ AQ. 

3. 22 laying the Chord of the Sun's Declinatior on the Pri- 
mitive Circle from the Equinoctial, draw the Parallel of Decli- 

nation parallel to it; as the ſtreight Line d Ce, to cut the Ho- 
ria on SAN in C, the Place of the Sun's riſing, or ſetting. 

4. Meaſure AC on the Lines of Sines, it is the Sun's true Am- 
plitude North, if the Declination be North ; but South, when 
the Declination is South, _ 

5. Drawthe Line CF, parallel to WAE (downward when it is 
A.M, but upwards if it be P. M.) tocut the Primitive Circle in F. 

6. Lay the Magnetic Amplit. if P. M. from] W. Ito 
G, on the Primitive Circle, towards N. if it be North; but to- 
wards S. when it is South, 

7. The Diſtance from G to N, laid (the ſame way) from F 
to Falſe North (which now is the North Point of the Compaſs) 
and it is done, x | 

For the Diſtance from N to falſe North, meaſured en the Scale 

of Chords, is the Variation of the Compaſs, 

Jo find the Sun's true Amplitude, the Proportion by Chapter 
9, Section 2, Problem 4, in Page 217. 

As S. c. Latitude · Radius:: S. © Declinat. . S. © Amplitude. 

8. 38deg. 28min... S. god. : : S. 20d. 10m. N. .. S. 33d. 39 u. N. 
d. m. d. m. 

Sun's true Ampl. EF 33.39 EN. or NF 56.21 North Eaſterly. 

Sun's Mag. Ampl. EG 17 10 EN, or NG 72. 50 North Eaſterly. 


Subtract gives the Variation 16.29 Weſt. 
Example 2. d. m. 
Latitude 40.50 

The Jun D clination 82 ren 


©'s Magnet, Amp. 15.10 South A. M. 


given; Var, req, 
An 
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Anſwer, The Sun's true Amplitude is 13d. 42m. Eaſt Nor. 
therly, found by the aforeſaid Proportion, by which the Variation 
is found as follows; - 

A + ad. te d. m. 


e © True Amplitude EF 13 42 EN. or NF 76 18 N. Eaſterly 


© Magnetic Amp. EG 15 10 ES. or NG 105 10 N. Eafterly 


-.. / Subtra&, gives the Variation — 28 52 Weſt. 
The following Examples are for the Learner's Exerciſe, and 
are wrought by the aforeſaid Directions and Rules. 
Example 3. d. m. | 
Latitude - 13 10 North 
The Sun's Declination 15 40 South 
Le Magnet. Ampl.-' 9 128. P. M. | 
According ta the aforeſaid Rules, it is as follows: 


— a d. m. | d. m. | g | 

© True Amplit WF 16 O W. S. or N. F 106 06 N. Weſterly 

© Magnet WG 912 W. S. or N. G 99 12 N. Weſterly 
Subtract, gives the Variation —— 6 54 Weſt. 


given; Variation req. 


Example 4. * M4 is ! 24 

Latitude — 50 40 — 0 : 
Theſ Sun's Detlination— 19 50 ——— [em ge ; 45 
(Sun's Magnet. Ampl. 5 15 N. P. M. . 

Aiſiber. The Variation is 27d. 17m. Weſt, 
- Example 5. | d. m. * 

Latitude — 21 30 — . 
T te? Sun's Declination 17 36 North 12 . 
Csun's Magnet. Amp. 10 19 South P. M. J en fequif d, 


Anſwer. The Variation is 29d. 39m. Eaſt. 
Example 6. d. m. 
Latitude | 25 30 South | 
The Sun's Declination 18 12 North f given; Variat. req: 
Sun's Magnet. Amp, 9 50 S.A.M. 
Anſwer, The Variation is 3od. 5m. Weſt. 
Secondly, To find the Variation of the Compaſs by an Azi- 
muth, obſerve theſe following Definitions, 


1. Magnetic Azimuth, is an Arc of the Horizon contained be- 
tween the Sun's Azimuth Circle, and the Magnetic Meridian; 
or, it is the apparant Diſtance of the Sun from the North, or 
South Point of the Compaſs ; and is found by obſerving the Sun 
by the Azimuth Compaſs, either in the Forenoon or Afternoon, 
when he is about 5, 10 or 15 Degrees high. "hep 5 

2. Azimuth, is an Arc of the Horizon contained * 

5 = as 


= 
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r- that Azimuth Circle, which paſſeth over the Sun, and the Meri- 
In dian of the Place, this is called the true Azimuth, and is found by 
Chap. , Sect. 5, Prob. 1, of Aſtronomy, in Pages 229 and 230. 


| . If the faid Azimuths agree ; that is, if the true Azimuth, 

ly * Magnetie Azimuth agree, there is no Variation; but if they 

ly differ, their D ference is the Variation ; for which, rightly to 
account, obſerve this general Rule. 1 

d Reckon always both Azimuths (like as I ſaid for Amplitudes 


in Page 254.) from the North. 
In the Forenoon the ; one my Azimuth greateſt, the 
Variation is 17 { But in the Afternoon ; — BEI 
Example 1. In the Forenoon, Suppoſe the dun's true Azimuth 
from the North to be 80 Degrees, and the Magnetic Azimuth at 
7 the ſame Time to be 101 Degrees, the Magnetic is the greateſt, 
7 and their Difference 21 Degrees is the Variation of the Compals , 
Weſterly ; but Eaſterly, had it been in the Afternoon. 
Example 2. In the Afternoon let the Sun's true Azimuth be 
115 Degrees from the North, and the Magnetic Azimuth 101 
Degrees, their Difference 14 Degrees is the Variation Weſterly 
but Eaſterly, had it been in the Forenoon, 


Or thus, by the following Rules. 


| 1. Always count both Azimuths from the North, in North 
| Latitude ; but from the South in South Latitude. 
2. The leſs Azimuth ſubtracted from the greater, gives the 
Variation. \ | 
3. Placing both the Azimuths (before your Face) from you, 
if the true Azimuth be to the Right-hand of the Magnetic, the 
Variation is Eaſt; but if to the Lett-hand the Variation is Welt. 
Theſe Rules will appear plain in workiag of the Examples of 
the next Problem. a | 


Problem 2. The Latitude of a Place, the Sun's Altitude, Sun's 
Declination, and his Magnetic Azimuth given, to find the 
Variation of the Compaſls ? | * 
Example d. m. 

Latitude = 51 32 North 

The Altitude — 11 30 A. M. 

Sun's Declination 15 10 North 
Magn. Azim 101 10 North 


To delineate this Problem Ortheographical!y, Plate . Fig. 2. 
g 1. Deſcribe 


given; Variation 
required? 


R 
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1. Deſcribe a Circle, quarter it, lay off the Latitude, draw 
the Equinoctial Axis, and Parallel o Declination, in all Re. 
ſpects as before directed, (in Problem 1. Page 255.) 


2. By laying the Chord of the Sun's Altitude on the Primitive 
Circle from the Horizon SAN, draw the Parallel of Altitude pa- 
rallel to it, as is the Line « Cb, to cut the Parallel of the Sun $ 
Declination Ce in C; the — of the Sun at that Time. 


3. Draw Ch parallel to WAE, downward when it is A. M. 
but upwards if it be P. M. till it meet an Arc made (with half 
the parallel of Altitude) from the Center (of the Primitive Cir- 
cle) A, and cutteth the ſaid Arch in 5. 


. By A and þ draw a Line, to cut the Primitive Circle in P; 
then NF, or SF, meaſured by the Scale of Chords, ſheweth the 
Sun's true Azimuth ; the Firſt from the North, the laſt from the 
South. 


5. Lay the Magnitude Azimuth) if * North i. Latitude) 


from 5 J rowards W. 0 (when it is 12 A 'M M. ) to G on 


the Prim. Circ, But if 5 53 ? towards F. E. to the ſaid G. 


6. The Diſtance from G to N, laid (the ſame Way) from F 
to the falſe North, which is now the North Point of the Com- 
pa's, and it is done. 

For the Diſtance from N. to the Falſe North, meaſured on the 
Scale of Chords, is the Variation of the Compaſs required, 

Then to find the Sun's true Azimuth, the Proportion by Chap- 
ter 9, Section 3. Problem 1. in Pages 229 and 230, is thus; 

d. m. d. 1 Mm. d. m. 
go CC 99. O 90. oo 
Latitude — 51.3 N. © Alt. 11.30 A. M. © Decl. 15.10 10N 


Comp. Lat. 38.28|Com.© 's Alt. 78.3 zo ©'s diſt. from Pole 74.50 50 
Com. O Alt. 78.30 Rad. S. C. ++ Lat. :: S. c. O's Alt. a 4th Sine 


O's diſt. fr. p. 74. 57 d. m. d. m. d. m. 
Sum is —— 191 488. god. . S. 38.28. : : S. 78.30 8. 37.33 
The Sum — 9c. Ia Then again, 


The Rem. is 21. 414th Sine «+ S' Sum : :.S. Rem. ++ a 5th Sine 
S 37.33 S. 95:54 : : S. 21.04, 8. 35.55 
And againſt Sine 35d. 55m. on — Verſed Sines, is the 

Sun's true Azimuth 80d. 02m. North Eaſterly. 
Sun's. Magnetic Azimuth 101d. 10m. North Eaſterly. 


Subtract giveth the Variation — 21d, o8m, Weſt, 


And 


pl 


I 5x 
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And for the Learner's Practice, take theſe following Exam- 


ples, whoſes Anſwers are found by the Rules foregoing. 


Example 2. d. m. 


Latitude 13 10 North a 
Th Altitude — 17 50 A. M. (given: Variation 
1 6 — 16 59 South required ? 
Magnet. Azim. 90 10 North | 
d. m. d. m. d. m. 
90. o 90.00 90.00 
Latitude — 13.10]N, O's Alt.17.50 A. M. O's Decl. 16. 59 S. 
Comp. Alt. 72. 1000's diſt, fr. Pole 106.59 
.10[Radius · S. c. Lat.: S.c.o*sAlt. -- a4thSine 
O'sdiſ, fr. p. 106.5 | Ts. Ea d. . 


— 


O's Magnetic Azimuth 


dubtract giveth the Variation — 22d. 50m. Eaſt, 
Example 3. d. m. 
Latitude —— 28.40 North 
The Altitude 20.19 P. M. 
Sun's J Declination— 19. 12 South. 
| Magn. Azim 129.50 North. 
Anſwer. By the aforeſaid Directions, the 


O's True Azimuth — 127d. 02m. N. Weſterly. 
O's Magnetic Azimuth 129d. com N. Weſterly. 
dubtract giveth the Variation —— 2d. 48m. Eaſt, 
Example 4. d. m. 
Latitude — $0.40 South, 
The . | Declin 25.10 P. M. (given: Variation 
un's 


given; Variation 
required. | 


Declination 23.30 South, required? 
Magn. Amp. 100 20 South. 

Anſwer. The Variatien is 17d. 20. m. Weſt. 

Example 5. d. m. 


[Latitude — 23.10 South. 
The 0 Ba 10. 15 A. M. given: Variation 
un's 


Declination 23.30 North. required ? 

Magn. Amp. 1c2.40 Scuth. 
Anſwer, The Variation is 18d. 32m, Weſt, 
a R 2 Example 


Fa - * 
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Example 6 | d. m. 


Latitude ——- 37.45 South, | 
The Altitude — 18.20 P. M. bgiven: Variation 
Sun's J Declination 20.15 North. required ? 
Magn. Azim. 115 40 South. 
Anſwer. The Variation is 20d. 12m, Eaft. | 
But the Variation may be found more eaſily by an Inſtrument 
called the Rectifier, whoſe Deſcription is as follows: 


The Rectifier deſcribed. Plate 10. 


This Inſtrument conſiſteth of two Parts, which are two Cir. 
cles laid one upon another, and fo faſtened together in their Cen- 
ters, that they repreſent two Compaſſes, one fixed, the other 
moveable ; each of them is divided into the 32 Points of the 


Compaſs, and 360 v4 pars and numbered both Ways, from the 


North, and from the 
in go Degrees. | 

The fixed Compaſs repreſents the Horizon, in which the 
North, and all the Points of the Compaſs, are fixed and im- 
moveable. | | 

The moveable one, repreſents the Mariner's Compaſs ſteered 
by, in which the North, and all other Points, are liable to Va- 
Tiation. ; 

In the Center of the moveable Compaſs, is faſtened a Silk 
Thread, long enough to reach the outſide of the fixed Compaſs, 
but when it is made of Wood, there is an Index inſtead thereof : 
The Uſe is as follows. 


1. To find the Variation by the Refiifeer. 


Note; Thoſe Degrees numbered from the North, and the 
South towards the Eaſt, are termed the Right-hand, and the 
others towards the Weſt, are called the Left-hand. 
Example 1. At Sun-riſing, Suppoſe the true Amplitude 574. 
from the North, and the Magnetic 73d. from the North, what 
is the Variation of the Compals, and which Way? » 
Place 73d. from the North, on the Right-hand in the move- 
able Compaſs, to 57d. (from the North) on the Right-hand in 
the immoveable Compaſs; then the North Point of the moveable 
Compaſs, will ſtand at 16d. on the Left-hand in the immoveable 
Compaſs, which ſheweth the Variation of the Compaſs is 16 
Degrees Welt. 
Example 2. In the Afternoon, let the true Azimuth be 80 
Degrees from the North, and the Magnetic 101 Degrees. What 
is the Variation of the Compaſs, and which way? | 
Place 101d. from the North; that is, 79d. from the South 
on 


outh ; and ending at the Eaſt and Weſt, 


n 
[ 
( 
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on the Left-hand in the moveable Compaſs, to 80 Deg. from the 
North, or Left-hand in the immoveable Compaſs; then the 
North-Point in the moveable Compaſs ſtands at 21 Deg. on the 
Right-hand in the immoveable Compaſs, which ſhews the Va- 
riation of the Compaſs to be 21 Degrees Eaſt. 

Always counting Amplitude at Sun-riſing, and Azimuth in 
the Forenoon, to the right-hand, or towards the Eaſt ; but at 
dun ſetting, and in the Afternoon, count them to the Left-hand, 
towards the Weſt, | 

1. To rectify the Courſe by the ReCtifier, 
This Propoſition hath two Caſes, 
Caſe 1. The Variation of the Compaſs, and the Courſes ſteered 
thereby being given ; to find the true Courſe. 

Example 1. ' Fargo, the Variation to be 21 Degrees Eaſt, and 
the Courſe ſteered by the Compaſs is NE. by N. I demand the 
true Courſe, the Variation being allowed ? 

1. Place the N. Point of the moveable Compaſs to 21d. from 
the North on the Right-hand in the immoveable Compaſs. 

2. Lay the Thread or Index (which is faſtened in the Center) 
over the N. E. by N. Point in the moveable Compaſs keeping it 
ſtreight out; then in the immoveable Compaſs the Thread or 
Index will lie on 55 Degrees, or near N. E. by E. which is the 
true Courſe required. | 

Example 2. The Variation 14 Degrees Weſt, and the Courſe 
ſteered by the Compaſs, E.S.E. I demand the Ship's true Courſe ? 

I. Place the North in the moveable Compaſs to 14 Deg. Welt, 
in the immoveable. | 

2. Stretch out the Thread, or Index, over E. S. E. in the 
moveable, and it will lie on 82 Degrees in the immoveable Com- 
paſs, or E. by S. a quarter E. the true Courſe required. 

Caſe 2, The Variation of the Compaſs, and the true Courſe 
: vx ; to find the Courſe by the Compaſs ? 

Example. The Variation 21 Deg. Eaft, and the true Courſe 
I ſhould ſteer is N. E. by E. What Courſe muſt I ſteer by the 
Compaſs, to allow the Variation? 

1, Place the North, in the moveable Compaſs to 21 Degrees 
Eaſt in the immoveable Compaſs. | | 

2. Stretch out the Thread over N. E. by E. in the immove- 
able Compaſs, and then in the moveable Compaſs, it will lie on 
34 Degrees, or near N.E. by N. the Courſe you mutt ſteer to 
allow for the Variation of the Compaſs, 

Here I thought to deſcribe the Azimuth Compaſs, and how to 
obſerve by it; but conſidering it is an Inſtrument eaſily under- 
ſtood, that Diſcourſe may be ſpared, 

R 3 C H A P,. 
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CHAPTER KI. 


Of an Obſervation, either of Sun or Star, what it is, how, or witl 
what, and when it is taken, and finding the Latitude thereby, 


I. AN Obſervation, is the finding either the Sun's or Star' 
Meridian Altitude (at Sea) with a Quadrant, Croſs-ſtaff, 
Octant, or any other Inſtrument conſtructed for that purpoſe. 
2. Meridian Altitude, is the Height above the Horizon of the 
Sun, or Star, they being upon the Meridian of the Place of Ob 
ſervation ; and that * is, every Day at Noon, but the Stars 
at different Times, according to the Difference of their ſever: 
Right Aſcenſions from the Sun's Right Aſcenſion. 

3. A Quadrant is the Inſtrument whereby only the Sun's Al- 
titude (at Sea) is found; but by Hadley's Quadrant the Alti- 
tude of a Star may be determined. 

4. A Croſs-ſtaff, or Fore-ſtaff, is an Inſtrument whereby Ma- 
riners find either the Sun's or Star's Altitude. The particular 
Deſcription of Davis's Quadrant and the Croſs-ſtaff.L here omit, 
having done it largely in the Mariner's Compaſs rectified, to 
which Book I refer the Learner, and will now ſhew how to find 
the Latitude after you have obſerved, which is called working an 
Obſervation, and that in this one Propoſition. 

Propoſition. The Meridian Altiiude of any Heavenly Objef, 
and it's Declination given; to find the Laittude of the Place of Ob- 
- ſervation, | 


In this Propoſition are two Caſes. 


Caſe 1, Where, or when the Object obſerved doth both Riſe and 
| Set in 24 Hours, The Rules are theſe. 

Rule 1. The Meridian Altitude, and Declination of one 
Kind; that is, both North, or both South; the Difference of the 
Zenith Diſtance, and the Declination, is the Latitude required. 

Note; In the above Caſe, when the Declination is greater than 
the Zenith Diſtance, the Latitude is of the ſame Name; but i 
jeſs, then of a contrary Name to the Declination. 

Ryle 2. The Meridian Altitude, and Declination of contrary 
Names; that is, one North, and the other South, the Sum o 
the Zenith Diſtance and the Declination, is the Latitude re- 
quired of the ſame Name with the Declination. 

Note 1. By Meridian Altitude South, I mean the Object ob- 
ſerved is to the Southward of the Obſerver; and when North, 
then to the Northward of the Obſerver. 

Note 2. By Zenith Diſtance underſtand the Complement o 
the Meridian Altitude of the Object obſerved. 


Example 
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Example 1. On the 2oth of May, 1778, the Sun's Meridian 
Altitude 61d. o8m. Soutn; and his Declination 204. o2m. 
North, What is the Latitude of the Place of Obſervation? 


d. m. 
The Sun's Zenith Diſtance 


— 28 52 South. 
Sun's Declination — 20 02 North. 


The Sum (by Rule 2.) is the Lat. of the Place 40 54 North, 
Example 2. On the firſt of July 1778, the Sun's Zenith Diſ-+ 
tance being 11d. 5om. North, and his Declination 23d. o8m, 
North. What is the Latitude of the Place of Obſervation ? 

d. m, s 

From the Sun's Declination — ——— 23 08 North. 

Subtract the Sun's Zenith Diſtance 11 50 North, 


The Rem. (by Rule 1.) is the Lat. of the Place 11 18 North. 

Example 3. On the 3d of June 1778, the Sun's Zenith Diſ- 

tance being 29d. 15m. South, and his Declination then 22d, 

23m, North. What is the Lat. of the Place of 3 ? 
m. 

To the Sun's Zenith Diſtance — 29 15 South. 

Add his Declination — — 22 21 North. 


The Sum (by Rule 2.) is the Lat. of the Place 51 36 North, 
Example 4. On the 22d of Auguſt 1778, the Star Fomelhaut 
being obſerved, and his Zenith Diſtance 20d. 17m. North, this 


Star's Declination (in Page 178) is 3od. 55m. South. What is 
the Latitude of the Place of Obſervation ? 


d. m. 


To the Star's Zenith Diſtance — 20 17 North, 


Add the Star's Declination 30 55 South, 


The Sum is the Latitude required — 51 12 South, 
Example 5. I he 3oth of September 1778, the Foot of the Cro- 
ſiers (by ſome called the Cock's Foot) a Star much uſed in South- 
ern Voyages, being obſerved, his Meridian Altitude was 48d. 
36m. South ; this Star's Declination (in Page 178) is 61d. 44m. 
douth, What is the Latitude of the Place of Obſervation ? 
d. m. 

From the Croſiers Declination — 61 44 South, 
Subtract the Zenith's Diſtance——— 41 54 South. 


The Remainder is the Latitude required —— 19 50 South. 


Caſe 2. Where, or when the Object obſerved doth neither 
Riſe nor Set in 24 Hours; that is, doth not in the Diurnal 
Motion move below or under the Horizon. 


R 4 Note 
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Note 1. To ſome Parts of the Earth, both the Sun and Stars 
do not riſe or ſet, but are above the Horizon, and upon the Me- 
ridian of the ſame Place twice in the Space of twenty-four 
Hours; and this laſteth but for ſome Part of the Year with the 
Sun, but always with ſome Stars. 


Note 2. When the Sun, or a Star doth not either riſe or ſet, 
and cometh upon the Meridian below or under the Pole, between 


the Pole and Horizon ; it is then at the leaſt Meridian Alti- 
tude, 


Note 3. Such Stars as do not ſet, come upon the Meridian 
both below, and alſo above the Pole, that is between the Zenith 


and the Pole, and their greateſt Meridian Altitudes are when 
they appear above the Pole. 


Note 4. Wherea Star cometh upon the Meridian, both below 
and aiſo above the Pole, it is always to the Northwrd of the 


Zenith, both in its leaſt and greateſt Meridian Altitude; or elſe 
always to the Southward. | 


Note 5. Again, there are ſome Stars which come upon the 
Meridian, to the Northward of the Zenith, and below the Pole; 
and to the Southward between the Zenith and the Equinoctial; 
and alſo to the Southward, and below the Pole; and to the 
Northward between the Zenith and the Equinoctial. 


Note 6. When the Sun cometh to the Meridian below, or a 
Star, buth above and below the Vole; the Latitude of that Place 
is of the ſame Name with the Sun or Star's Declination ; That 
js, if the Sun or Star's Declination be North, the Latitude of 
the Place is North ; but South, when the Declination is South. 


Note 7. For thoſe Stars which never come to the Meridian 


above the Pole, at their greateſt Meridian Altitude, the former 
two Rules ſerve for to find the Latitude. 


Then, To fnd the Latitude by the Sun under the Pole, or Stars, 
both under and above the Pole. The Rules are theſe, 


Rule 3. The Object obſerved, being on the Meridian below 
the Pole, the Sum of the Meridian Altitude, and Complement 


of the Declination, is the Latitude required, of the ſame Name 
with the Declination. 


Rule 4. The Object obſerved, being on the Meridian above 


the Pole, the Difference of the Meridian Altitude, and the Com- 


lement of the Declination is the Latitude required, of the ſame 
ame with the Declination. 


Example 
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Example 1. Auguſt 1, 1778, the Sun's Meridional Altitude, 
below the Pole, or under the Pole, was found to be 5d. 3om. 
and his Declination 18d. oom. North; What is the Latitude of 
the Place of Obſervation ? ; 

T7 

To the Complement of the Sun's Declination—72 oo North 

Add his Meridian Altitude below the Pole - - - 5 30 


The Sum by (by Rule 3.) is the Latitude - - - 77 30 North 


Example. 2. On December the 18th, 1978, the Bull's Eye 
Aldebaran came upon the Meridian under the Pole, and his 
Meridian Altitude was obſerved to * 1om. this Star's De- 
clination (in Page 178) is 15d. 59m. North: What is the Lati- 
tude of the Place of Obſervation ? d. m. 

To the Complement of the Bull's Eye Declin. 74 or North 

Add his Meridian Altitude under the Pole - - 9 10 


— 


The Sum (by Rule 3.) is the Latitude - - 83 11 North 


Example 3. On June the 11th, 1778, the Foot of the Croſiers 
was obſerved under the Pole, its Meridian Altitude 21d. am. 
the Declination of this Star (in Page 178) is 61d. 44m. South : 

I demand the Latitude of the Place of Obſervation ? - | 


d. m. 
To the Complement of the Star's Declination— 28 16 South 
Add to his Meridian Altitude - 21 25 


The Sum (by Rule 3.) is the Latitude - - - 49 41 South 
Example 4. The 17th of February, 1778, the Northern 
Pointer of the Great Bear came to the Meridian above the Pole, 
and his Meridian Altitude was 56d. 10m. this Star's Declina- 
tion is 63d. 5m. North: What is the Latitude of the Place of 
the Obſerver ? | d. m. 
From the Star's Meridian Alt. above the Pole 56 10 
Subtract the Complement of his Declination—26 55 North 
Remainder (by Rule 4.) is the Latitude - - 29 15 North 


—— 


CHAPTER AL 


A Sea Reckoning, or Journal, what it is, and the Manner how it 
is kept, Directions to correct it, with an Example, and the Ex- 
planation thereof. N | 


T HE keeping a good Reckoning, or Journal, is not only 
the Mariners Reputation, but (under God) the Preſerva- 
; tion 
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tion of a Ship, and all in it ; the Ignorance thereof has been 
(if. not the only, I may ſay) the chief Cauſe of loſing divers 
rich Ships, and many dear and valuable Lives, and thence the 
impoveriſhing of ſeveral Families, | 

Then certainly, it ſhould be their great Concern, to be expert 
herein, who take on them the navigating Ships to remote Places, 
when ſo great a Truſt as Mens Lives and Eſtates are repoſed in 
them, that ſo, by a Knowledge of, and a conſtant careful Prac- 
tice in keeping an exact Journal, they may not only bear the 
Name of Navigators, but thereby prove themſelves deſervedly 
worthy of the Title of complete Artiſts, 

And for the complete keeping a Journal, I prefer this Method 
hereafter following : Which, though it be new, and uſed by few, 

et I doubt not, but when better known, it will be more in 
Praftice : Now that you may rightly underſtand what it is, and 
how to keep an Account of the Ship's Way by this new Form, 
I ſhall thus explain it. 

1. Know that a Journal, or Sea Reckoning is a punctual 
writing down every Day (in a Book fit for that Purpoſe) the 
Courſe, Diſtance, Difference of Latitude and Departure the 
Ship hath made, what Latitude and Longitude ſhe is in; and 
alſo the Wind, Weather, with all Accidents and Occurrences 
that happen. 


To perform which after the beſt Manner, do theſe preparative 
Things. 


Firſt, Provide a Folio Book of two, three, or four Quires of 
large Paper, and let it be ruled like the Log-board, (in Page 64) 
with five Columns, taking up about half the Breadth of each 


Page. 
The five Columns may be marked or noted at the Head of each 
Column with Letters, thus ; 


H Hours, under it are the Hours of the Day, 
4 w_ _ — f run out that Day. 

C ern tor | Courſes, whichhave been ſtecred that Day. 
vw Winds, which have blown that Day, &c, 


Secondly, Rule twelve Lines croſs the forcſaid five Columns, 
and ſo far aſunder, that on Occaſion you may write two Lines 
of Writing in the Spaces between thoſe Lines; then will the 
ſame Ruling ſerve for an Eaſt-India Voyage, or a Ship of War, 
in which the Log is heaved out every Hour, and alſo for other 
Voyages, where it is uſed every two Hours. 


Thirdly, 


Chap. XII. How to keep a Journal. 267 


Thirdly, In the third Column (marked at the upper End with 
H) write down the Hours of the Day; that is, for common 
Voyages, 2, 4, 6, 8, 10 and 12, and 2, 4, 6, 8, 10, and 12: 
But for Eaſt-India Voyages, or Ships of War, 1, 2, 3, &c. to 
12 at Midnight; then 1, 2, 3, &c. to 12 at Noon. And thus 
far is the Book fitted, and prepared to copy off the Log-board. 

Fourthly, Under theſe five Columns let there be ruled twelve 
ſhort Columns, which may take out the whole Breadth of each 
Page of the Book. Theſe may be intitled, as in the Journal. 
following this Diſcourſe, (in 7 274 and 275) and need not 
any farther Explanation. 

Now ſuch a Book, ſo ruled as here directed, each Page thereof 
will contain two Days Sailing, with all appertaining thereunto, 
as ſhall afterwards appear, 


Firſt, having a Journal- Book thus prepared, and now on your 
Departing, the firſt Thing is to enter the Title of the Journal, 
which may be done thus : In the Top or Head of the firſt Page 
of the Journal-Book, write the Title thereof in Words after the 
Form immediately before the Journal, in Page 273. 

And now the Book is completely fitted for the Uſe intended, 
and that is, keeping a Sea-Reckoning after this Manner. 


2. Next under, or after the Title, (write in the blank Space 
between the fifth Column for the Wind, and the Side of the 
Book) the Year, Month, Day, and Hour you part with Sight 
of the Land, and alſo the Circumſtances and Actions of the 
ſame, &c, as here you may ſee in the two firſt Sides of the Journal 
which by Reaſon of the Smallneſs of this Book reacheth Pages 


274 and 257, which are to be eſteemed but as one Page, or Sides 
of the Journal. 


3. Every Day at Noon, write in the five Columns the ſame 
vou find written on the Log-board, which contains the Ship's 
Courſes ſteered, Diſtances run by the Log, what Winds have 
blown, what Sails handed, and when. 


4. In the vacant Space of the Right-hand of theſe five Columns 
(which takes up more than half the Breadth of the Book) 
expreſs the Tranſactions of that Day, as Winds, Weather, 
Currents, ſetting of the Sea, handing of Sails, meeting or 
parting with Ships, Death of Men, Variation of the Compaſs, 
and all other Accidents and Occurrences whatſoever. 


5. Then correct the ſeveral Courſes, by allowing for Lee- 
Way, Currents, and Variation, according to the Nature of them 
| and 


— —— —·˙n= 
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and bring them into one Courſe (by Chapter 3, Section 4, of 


=y 


Plane Sailing, in Page 66) by which you will find the Ship 
Diſtance, Difference of 2 and Departure from the Meri 
dian, which being ſet down in thoſe Columns bearing thoſe 
Titles, then (by Chapter 3, Section 3, General Rule 3, in Page 
7) find the Latitude the Ship is in, and ſet that in its proper 
olumn : And (by Chapter 4, Sect. 3, Prob. 5, of Mercator's 
Sailing, in Pages 96 and 972 and by Section 2, of the ſame 
Chapter, in Page 91) find the Longitude the Ship is in, and 
ow that in the 12th and laſt Column ; and thus .you finiſh the 
ay.s Work. | | 
or the Le:ward, or Leeway, the Allowances are ſuch as in 
theſe eight following Caſes : | 


* Firſt, The Ship being upon a Wind, allow one Point for 
Secondly, The Wind blowing hard, ſo as to cauſe one Top- 
fail to be taken in; allow two Points for Leeway. 


Thirdly, When it blows ſo hard that both Top- ſails are taken 
in, and the Sea runs high; allow then three Points for Leeway. 


Fourthly, The Fore-ſails being furled, and the Ship tries 
under a Main- ſail, and a Mizen; allow four Points for Leeway, 
for ſhe then makes her Way about four Points before the Beam 
(as the Sea Phraſe is.) 


Fifthly, When the Ship tries under a Main- ſail only, ſhe then 
makes her Way near three Points before the Beam, that is, near 
five Points for Leeway. | 


Sixthly, If the Ship tries under a Mizen only, her Way is about 
two Points before the Beam; that is, allow ſix Points for Leeway. 


Seventhly, When ſhe lies a Hull ; that is, with all her Sails 
furl'd, her Way is one Point before the Beam, and then ſeven 
Points is her Leeway. | 


Eighthly, If the Wind has blown hard at W.S.W. and made 
the Sea run high, the Ship ſtemmeth South, and the Wind ſhift- 
ing to E. S. E. then whilſt the Sea continues to run fo high, it 
ſtrikes the Ship on the Lee Bow, and abates the Leeway. 

Note; In all thoſe eight Caſes, Reſpect muſt be had to the 
Smoothneſs of the Water, of the Sea's running high, and then 
the Allowances may be rectified with the greater Certainty, by 
ſetting the Ship's Wake by a Compaſs, placed on each Rail of 


the Ship's Quarter, which is uſually ſet there for that Purpoſe. 


Theſe Directions, with a Confideration of the Ship's Trim, 
Sails abroad, Streſs of Wind, and Growth of the Sea, being put 
into 


* 
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into Practice, will ſo improve the young Navigator's Judgment, 
that he'll ſeldom fail of making — bes Ship's 
Leeway. 

6. A. this Manner are you to proceed every Day from 
Noon to Noon, which is the Beginnin and Ending of the Day 
Aſtronomic, the Day by which the M 
Reckoning. 

7. Remembring always to obſerve for the Latitude, when 
Opportunity preſents either by the Sun or Stars ; That being the 
chief Thing to be depended on, and by which the Reckoning is 
confirmed or rectified, which is the next Thing to be treated of. 

8, When the Latitude by Account agrees with the Latitude 
by Obſervation, then is the Reckoning confirmed, and you are 
(ure it is kept well, 

9. But if they diſagree, then either the Ship hath out-run your 
Reckoning, or your — hath out-run the Ship ; and 
there is ſome Error either in the Courſe, Diſtance ſailed, or both 
of them : Now to find where the Error lies, conſider whether 
there be a Current, or not. 

10. If there be a Current, try it, and find which Way it ſets, 
and how faſt ; and by that correct both Courſe and Diſtance 
and if that makes the Reckoning Latitude to agree with the 
obſerved Latitude, you have then ee the Reckoning. 

But if you, only by ſome probable Reaſon, conjecture there is 
a Current, then give what Allowance you think meet to the Dif- 
ference of Latitude and Departure, and ſee if that will reform 
your Reckoning Latitude, that it agree with the obſerved Lati- 
tude; if ſo, you have gueſſed well (for you muſt ever keep to 
the Latitude by Obſervation, that being the principal Thing to 
be relied upon J if it will not agree with the obſerved Latitude, 
it is to be ſuppoſed that there are Miſtakes in your Conjecture, 
or ſome other Cauſe produces this Error in the Reckoning. 

11. When there is no Current, nor any Variation, or if there 
be either, or both, and they are allowed for according to Art and 
Reaſon, and yet your Account will not agree with the obſerved 
Latitude; then there is an Error either in Steerage, or in the 
Log, and to know in which it is, take this | 


ariners keep their Sea- 


General RULE: 


1 J the greater, the Error is in the | — fi 


12. When there is an Error in the Courſe ſteered, you muſt 
(after the Allowances in the 10th and 11th Rules have 0 
made 
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made) then only correct the Difference of Latitude, and ſo 
make the Latitude by Account to agree with the Latitude by 
, Obſervation, and the Work is done. 

1 z. But when the Error lieth in the Log, the Diſtance is 
faulty, and this is the Cauſe which moſt uſually makes the Dif- 
ference between the obſerved Latitude, and the Latitude by the 
- Account, And herein are two Caſes. 


Caſe 1. In North Latitude, ſailing towards the North; and in South . 
| Latitude, ſailing towards the South, | 


If the Obſerved Latitude be greater, then hath the Ship out- 
run the Reckoning; but if it be leſs, the Reckoning hath out- 
run the Ship. | 


Caſe 2. In North Latitude, Sailing towards the South; and in South 
Fg Latitude, ſailing towards the North. 


If the Obſerved Latitude be greater, then hath the Reckoning 
| out-run the Ship; but if it be leſs, the Ship hath out- run the 
Reckoning. t 

14. When the Ship hath out run the Reckoning, then is the 
Reckoning too little, and the Difference between the Obſerved 
Latitude and Reckoning Latitude, mult be added to the North 
or South Column in the Reckoning; and ſo doing, it is corrected, 

15. But when the Reckoning hath out-run the Ship, then is 
the Reckoning too great, and the Difference between the obſery- 
ed Latitude and Reckoning Latitude, muſt be ſubtracted from 
the North or South Columns in the Reckoning; and ſo doing, it 
is corcected. 

16. To correct the Departure (the Eaſt, or Weſt Column in 
the Reckoning) when the Error is in the Diſtance, do thus: 
Add up the N. S. E. and W. Columns from the Beginning, if it 
be the firſt Error; otherwiſe from the laſt Error, or from the 
laſt Obſervation to the Day of the preſent Error; in order to 
find the Difference of Latitude and Departure; as was ſhewed 
in adding up the Columns in a Traverſe. 

And then the Proportion to find the Error, or Correction in 
the Departure, is thus; | 

As the Difference of Latitude, is to the Departure; 

So is the Correctionin Latitude, to the Correction in Departure, 

Note; Correction in Latitude, is the Difference between the 
_ Obſerved Latitude, and Reckoning Latitude. 

The Correction in Departure muſt be added to, or ſubtracted 
from the Eaſt or Weſt Column in the Reckoning according to 
the 14th or 15th Rule aforeſaid ; and ſo the Departure will be 
carrected. 17, To 
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17. To correct the Longitude do thus; Find (by the Table 
of Meridional Parts) the Meridional Difference of Latitude, be- 
tween the obſerved Latitude, and the Reckoning Latitude, and 
then the Proportion is this ; nn a 

As the Correction in Lat. is to the Correction in Departure; 

So is the Meridional Difference of Latitude, to the Correction 
in Longitude. ds. N | 

Then according to the new Way of Computation of Longitude 
in the Mariner's Compoſe Redtifod, if the Longitude and it's 
Corrections be both „or both Weſt, add, but one Eaſt, and 
the other Weſt, ſubtract, and the Longitude is corrected. | 

And having gone over the Rules and Directions about keeping 
and correcting a Sea-Reckoning, or Journal; I will alſo give an 
Example of a Journal of an intended Voyage from the Lizard 
towards Barbadoes, that the foregoing Rules may be the better 
underſtood. | | | 

And although this following Journal be but an Example of 
ſeven Days (being ſo deſigned that this Book might not ſwell too 
much) yet it may be of ſufficient Intelligence to adiligent Reader, 
for the right Underſtanding this Method of Keeping and Cor- 
recting a Sea- Journal ; eſpecially if the following Explanation be 
deliberately compared with the preceding Directions; and there- 
by as informing, as if the whole Series of the Voyage had been 
inſerted which would have augmented both the Book and it's 
Price, but not anſwerable to the Underſtanding thereof. 

Having treated about keeping and correcting a Journal, which 
cannot well be done *till the Errors in the Log-line, and Half 
Minute Glaſs are rectified ; I think it neceſſary here to ſay ſome- 
thing of both, 7 ap | 

The Manner of keeping a reckoning or Sea-Journal {by our 
Engliſh avigators) is by the Log-line, and Half-Minute Glaſs; 
ought not Care then be taken that theſe be true, elſe a Reckoning 
kept by them muſt be ſalſe? ne 

But it hath been an ancient Cuſtom, and ſtill is too much 
uſed, to meaſure 7 Fathom, or 42 Feet, between Knot and Knot 
on the Log-line, which is grounded on this Conjecture, That 5 
Feet make a Pace, 1000 (ſuch) Paces a Mile, and 60 (ſuch 
Miles) make a Degree ; that is, a Degree contains 300000 Feet, 
and a Mile (or Minute) 5000 Feet; and becauſe an half Minute 
of Time is the 120th Part of an Hour, and the 120th Part of a 
Mile (5000 Feet) is almoſt 42 Feet, this Meaſure is therefore 
too commonly pur between each Knot on the Log-line, 


But 
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But this erroneous Computation hath been ſufficiently contra. 
dicted by Mr. Ougbtred, Mr. Norwood, and others. 

Mr. Qughtred, in his Circles of Proportion, in Page 153, doth 
allow 66 f Statute Miles to a Degree on the Earth, each Mile 
being 5280 Feet, ſo that in a Degree, there are 349,800 Feet. 

And Mr. Richard Norwoed, in his Seaman's Practice, Page 
43, doth prove a Degree on the Earth, to contain 367,200 Eng- 
liſh Feet; but at length conſents to allow 360,000 Feet to a De- 


gree, and ſo 6000 Feet, the both Part, to be one Minute, com- 


monly called a Mile; fo that 6000 Feet mould be the Number 


from whence the Knots on the Log-line ought to be deduced. 

Note; That the Meaſure of a Degree, nearly as above, has 
been fully proved by ſubſequent Experiments, and is now gene- 
rally received by Mathematicians. | | 

Therefore, if 6120 (the Feet in a Mile or Minute) be divi- 
ded by 120 (the Half Minutes in one Hour) the Quotient is 51 
Feet, for the Diſtance of each Knot, on the Log-line, and 25 
Feet is half a Knot. 

According to this Calculation, the Diſtance between each 


Knot upon the Log-line ſhould be 51 Feet nearly, which being 


rather too much, we may, without any material Error, eſti- 
mate the Diſtances at 50 Feet each. Yet, notwithſtanding, theſe 
Diviſtons are nearer the Truth than the old ones of 42 Feet; 


they are, however, erroneous ; for it is the common Practice 


among Ship-chandlers, to meaſure their Half- minute Glaſſes by 


28 Vibrations of a Pendulum, whoſe length is 38 Inches and 
a Half; and therefore, by the known Rules for Pendulums, it 
will be as the Square-Root of the Length of a Pendulums Vi- 
brating Seconds, is to the Square-Root of the Length of a Pen- 
dulum uſed in dividing the line; ſo is the Number of Vi- 
brations made by the laſt mentioned Pendulum, to the Num- 


ber of Seconds that the Glaſs is running; that is, As | 39.2 


. 


J 38.5: : 2827,75 the Number of Seconds required . which 
being found, ve ſhall next have, viz. As the Number of Seconds 
in an Hour, is to the Number of Seconds that the Glaſs is run- 
ning ; ſo that is the Feet in a nautical Mile, tothe Diſtance which 
the Knots ought to be aſunder, in order tomeaſure truly the Ship's 
wy) that is, 3600. . 2775.75: : 6120:: 47-175 the — 
uired. 
» From hence it will be very eaſy to find the Error to which the 
Diſtance meaſured by the Log: line is liable, in either of the above 
Caſes, and more eſpecially when ſuch Diſtance is very conſider- 
able : As for Example, Let us take the Diſtance in the annexed 
Journal, from the Lizard to the Iſland of Barbadees, which is 


3493 
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63 Miles. Then it will be as 50, is to 47.175; ſo is 3463 (the 
dbole given Diſtance of the Lizard from me Nang of parting to 
3267 the Diſtance run by the Ship's Reckoning when ſhe arrives at her 
Port, 9 ſhort of the Truth by 195 Miles. But by uſing the old 
Diviſions of 42 Feet, we ſhall have, as 42 is to 47.175; ſo is 3463, to 
3889, for the Diſtance run by the Ship's Reckoning, which ex.ceds- 
the Fruth by 426 Miles, wan W | 

An eaſy Way to meaſure an Half Minute Glaſs. - 4 

Let a Plummet of a ſufficient Weight be faſtened to one End of a 
Thread, or Silk String, that is, 39.2 Inches long, and at the other 
End, let there be a Loop or Nooſe, to hang it on a ſmall Pin or Nail, 
faſtened in any Place, ſo that the Plummet may ſwing freely. | | 

Then the Loop of the String being hung on the Pin, the Seng s 
Inches from the Center of Gravity, to the Center of Motion; that is, 
39. 2 Inches from the End of the Loop, to the Middle of the Plummet, 
and the Plummet cauſed to Swing, each of thoſe Swings ſhall have a 
true _ of Time, and 30 of them the juſt Length of an Half Mi- 
nute Glaſs, fo © 
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A JouRAN AL of a VOYAGE, 
(By G O D's Permiſſion) 
INTHE 
GEORGE of LONDON, A. B. Commander, 


FROM THE. 


Latitude 409d. 57m. North. 
Longitude — Sd. 14m. Weſt, 


Lizard, in 


TO THE 


, Latitude—— 12d. 58m. North. 
Hand Barbadoes, in 3 334. 30 6. Wen. 
Their Difference of Longitude 534. 36m. Weſt, 
The Courſe from the Lizard S. 50d om. W. or SW, 1 W. 
Their Diſtance is that Rhumb, 3463 Minutes. 


Kept by C. D. Chief Mate. 


— — 


Begin January 23d. 1778. 
8 
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n H KF of zFoer _—_ "Wind and Weather. | 255 
Ls = W. by N. N. N. E. 

5 40 4 — W. s. W. N. Sal) N. by W. 7E. oft 
* — — 

8 9 " N. N. E. 

TY 5: 

lrols 5 [SWbyW.IN. W. by x. R 
isses 5 W. s. W. North ee 
2 6| 13 N. by E. 4 g 

4408 

3 ——— — - 

1=| © 6 34 N. F. hy N Rain 
E — 2 + f 
8 6 — sw bw 
7 — * 

| 10 4 — WS. W 

| 1120 66 — UE. N. E. 

Sum is 69 — 8 Which doubled is Min. 139.6 
: ; 

IR 4 ; Diſtance Hig. £15 91 Min 
SSE ol Month | Courſe. | failed in — .. — 
48 N f Minutes. N. 8. 
23 | Jan. 17780 South. I8 — — 18.0 

31.4 


13138 


/ 
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2 The 3d of January: 1778. at Noon, we ſaw the Liner 
— Point bear North about 18 Minutes or Miles Diſtance from 
» us. We had variable Winds, freſh Gales, cloſe, hazy, rainey 
— _— as per Columns. 


* In Company with the Succeſs, Capt. E. F. Commander, 
bound for the Eaſt- Indies. 


h 24th, Our Courſe and Diſtance made good this Day, 
wo make W.S.W. 137.4 Minutes, with Latitude, Meridional 
Diſtance, and Longitude, as per Columns underneath. 


| OE d. m. 
—M Os Zenith Diſtance — O's Magnet. Amp. 48.49 ES, 
ess Declination— O's True Amplitude 29.51 ES, 
— Latitude by Obſervation ——— | Variation————18.58 W. 
4 epart, in Latitude by | Meridional | Longit. by | 
Min Minutes. | Account in] Diſtance in | Account in 


E .| W. Deg. & Min. Deg. & Min.|Deg. & Min. 


| 49.39 North 05. 14 W. 


127.4 1.54 South 2.07 Weſt 03. ' W. 


49.48 North| 2.07 Weſt | 08.27 W | 


— — 6 l 
"mm * 


E. 


S 2 : Afternoon 
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Chap. XII. 


"JHIK|F of 5Feee] C Wind and Weather, 
8 2% — W. s. W. N. E. Rain and Snow 
316494 — N 
2 —1— — — a — 
E 6 5 8 | Rain and Snow. 
Y > — — 
8 7 I Sw. oy w. N. E. by E. Rain 
0 1 — |w.s.w. E. N. E. Rain. 
| 120 7 1 N. E. by N. Rain 
4 755 — NN. E. Lightning. 
214d 8 |SWbyW.NE. by E. 
I [—— — — 
167 2 W. S. W. N. E. 
1&|—— — 
5 $8 74 —— E. N. E Hail and Rain 
[h 10 e I 5 Rain 
. Rain 
zum 18 79 — 8 W hich doubled is Min. 4 59.6 
==; N Diltance if. of Lat. in Min 
e 
* Minutes. N 5 
125 Jan. 177 8SWhy WW 158 N 73.6 
ö " | — — — 
6 
= 


4 The 
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4 


©. The 25th of January, 1778, hard Gales of vatiable 
Winds, with ſome Snow, Hail and Rain. 


Our Top-fails reefed, and ſo have been ever fince we fi | 
the Lizard. A great felling Sea — us, and letting 
towards the S. S. W. 


Our Courſe and Diſtance I judge to be S. W. by W. half W. 
158 Min. with Latitude, Meridional Diſtance and — 
as in the Columns underneath. 


| mY d. m. | d. m. 
@'s Zenith Diſtance ———— ] O's Mag. Ampl!l. 
©'s Declination — —— O's True Ampl. — 
Lat. by Obſervation ———— Variation — — 


epart. in[Laticude by] Meridional Longit. by 
Minutes | Account in | Diſtance in] Account in 
E. W. Deg. & Min.|Deg. & Min. Deg. & Min 


1139.8] 47.34 N. 


11.58 W. 


04.27 W. 


. 


3 — — ͤ— — —— 


83 Afternoon 


— 


-- 
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a Nor zveer| "Cc. Z Winds and — 
| 2 6 3 $W.by WIE. Hail and Rain 0 
3Þ 7 3 | S.W. _ Fore Top-ſail. Rain, 
3 * 1 5 
S | 6] 8] — _ E. Rain. 
8| 7 6 8 120 
100 8 2 - 5 
© 7 SH n | 9 
| | — rn —— - — 
11 _ . 
5 — 
314 1 | 
= 6 3 | Rain, 
[88 1 | | [Handed N das Top fail. Ron 
[ro 6 7 wv | | nt 
| 121 6| JE | 
Sum is g0—— 4 Which doubled is Min. 150.8 Tenths 
128 1 © T Diffance [Diff. of Lat. in Min 
S 8 Er erte Courſe | failed in | 
@ 516 x] | Minutes. N. 8. 
26 | (Jan. 775 S. W. Ry 125.9 
| | 
Corrections by Obſeryation. ' | 24.0 
. Corrected S. W. 654 | 205.0 | | 149.9 | 


* a 7 . 
+ + Oo» 4 av .- 


ee e 
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» The 26th of January, 1778, bad Weather, very hard 


Gales, thick Air, with ſome Hail and Rain, 


A great Sea after us, ſetting towards the S. S. W. for theſe 
three Days paſt. 


on” 


By Obſervation the Ship hath - out-run the 3 24 
Minutes South, which is attributed to the S. S. W. Sea. 


Our Courſe and Diſtance corrected is S. W. by S. 


3 Quar- 


ters W. 205 Minutes, with Meridional Diſtance, — Longi- 
tude as underneath. 


C's ; Zenith Diſtance 63.36 8. 
O's Declination — 18.32 8. 


Lat. by Obſervation 45.04 N. 


d. m. 


] 


4 
| 


Variation 


©*'s Magnet. 
O's True Amplit. 


d. m. | 
10.20WS, 
28.16WS. 


| —_—— C—____ 


I 7.56 W. 


Amp. 


Depart. in 


I Minutes. 


E. 


* 


W. 


Latitude by 
Account in 
Deg. & Min. 


Meridional 
Diſtance in 


Deg. & Min. 


Longit. by 
Account in 
Deg. & Min. 


129.4 


45: 28 North 


06.36 W. 


099 


oo. 24 South] 00.10 W. 


b5,07* . 


oy 


1 06 46 W. 15. 21 X. 


139.314 


8 4 


Afternoon 
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iK. Fot 5 Feet . | Wind and Weather. 74 
V 2]-5 7 JW by S. N. E. ö | = 
3 2 — Set Main Top-ſail. 
. SW 
© 
S| 616] « N.E. by N. 

o| 5 — N = 
io 5 2 SWW. NE. | 

121 4 g N. E. Nun 

2| 5 5 North 5 Rain 
E NW. by N. Set Fore Topſail 
2 „ 88 = Z 
— —— — — — —__rm_c__ 
. 81 E 2 North 
. 8 — 
[* [10] 6] — PW] “ĩ N. N. E. 
1 6 — | . 
Sum is 69— 4 Which doubled is Min. 133.8. 
Diſtance Diff. of Lat. in Min. 
S > 1 r Courſe | failed in —— 
G 516 F : Minutes. | N. 8. 
27 | Jan. I 137.9 104.2 
| 
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5. The 27th of January, 1778, cloſe Weather, wht” 


ſome Rain, freſh Gales, and variable; with a great Sea from 
the N. N. E. 


About 8 this Morning we ſaw a Sail on our Larboard 
Quarter, ſo far off that we could but juſt diſcern her. 


Our Courfe and Diſtance made good this 24 Hours, 
is S. 40d. 57m. W. or S. W by S. half W. 138 Min. 
with Latitude, Meridional Diſtance, and Longitude, as 
hereunder, 


4 d. m. 
O's Zenith Diſtance — O's Magnet. Amp. 42.01 ES. 
©'s Declination— - Os True Amplitude 25.46 ES.v 


Latitude by Obſervation ———— | Variation 16.15 W. 


epart. in Latitude by | Merjdional | Longit. by 
| Minutes. | Account in| Diſtance in | Account in 


. TW. Deg. & Min. Deg. & Min. Deg. & Min. 


—— 
90. 443.20 North} 08.16 W. 17. 27 Weſt 


Afternoon 
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JH|K]Fof 5Feee] GC. | © Wind and Weather. 
„ 3 {| SSW. N. N. E. 5 


mn... 


1 
- 


** 1 * FY — 


—__ 


— _— 
= 


uooui r 
II 


=y 
Er. 


2 

4 

-- = WW | 
| 1 N. by E. 
10 a 


k x 
= — — ee — ' 
8 
i 
| 
AX | 
£© 
— 
- SJ 


= z Rain 
$4 i N 5 N 
1 — N. by W. Ran | 
3 — 
265 5 Rain 
8. —— £ 
E 0 1 Rain 
RT 4 
i 5 3 | 
RE _ 
ET 2 Which doubled is Min. 124 


| 


TDiſtance [Diff. of Lat. in Min. 
Minutes. 


. ſailed in 
N. | I. 
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The 8th of January, 1778, clear Weather, intermixed with 
ſmall Showers of Rain, freſh Gales, and a great Sea from | 
the N.N.E. | 


About Six this Morning we ſaw two Sail on our Larboard- 
bow, which we judged were French Men of War, who chaſed 
ps till Sun-ſet, and could not get upon us; then they iy by, ſo. 3 
we loſt Sight of chem. | 


Our Courſe is S. S. W. 124 Minutes, with Latitude, Me ; 
idional Diſtance, and Longitude, as hereunder, 


W d. m. 
O's Zenith Diſtance ©'s Mag. Amplitude 
O's Declination O's True Amplitude 
O Lat. by Obſervation —— ] Variation 


— 
i 


Depart. In Latitune by Meridional Longit. by 
Minutes. Account in Diſtance in | Account in 


EW. Deg. & Min. Deg. & MinDeg. & Min L 


47-4j41.25 North 09.03 W. | 18.32 W. 


— — 
v 
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UuRfFor _ | Winds and Weather, 
2a wy * 7 
. South N. ; 

Mali =: | Split Main-Top-Sail = 
8 — — Brought another too. 
. : 
8s 2 N. N. E. 
8 1 Rain 
7 N. by E. 1 
5 | Rain, | 
I. N. N. E. Rain 
: 3 
1 N. E. by N. 
j 10 66 5 | | 
—_— il _ 

pum 15 v4—7 Which doubled is Min. 129.4 1enths 

| 
—=T | " T Diſtance Diff. of Lat. in Min 
S8 S S —_—_ Courſe | ſailed in — 

3 546 a a: — . | 5. 
29 | u Jan. 17 South 129.4 — 129.4 
* N 1he 


Weather, and a NNE. Sea une us. 


* 
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Owen 4 
— — — — — — 


4 The 29th of January, 1798. Freſh Gates, uncerni 


— 2 


— —- - » . © —— — 2 


Yeſterday, about three in the Afternoon, in Kita the 4 | 
out of the Main-Top-Sail, it ſplit, which we © Os ny 
brought another too immediately, : 


Our Courſe is South 129 Minutes, with Latitude, Meridional 
— and e as hereunder. 


i 


d. m. | d. m. 
O, Mag. Amplitude 
O's True Amplitude 
Variation — — 


O' Zenith Diſtance 
©'s Declination 


©'s Lat. by Obſervation 


| Depart, in \Latitade by] Meridional | — by 
Minutes. | Account in Diſtance in | Account in 


- FTW. | W. Deg. & Min. Deg. & Min.|Deg. & Min 


| 39. 16 North 09.03 W. 18.32 W. | 


— — 


Aſternoon 


Chap. XI. 


KJForsF of 5 Fee] C. Wind and Weather. #2 
+1907 Tha az ht 
34 9 3 
| : | 8 
18146164 — 
TH :3350 j 1 n 1 1 
T8 & Sha | Rain 
| || 5 E.N.E. 
] 12 = | N.E. by N. Rain 
1 — —— | = 179 IEP ION 4 
| 6] 3 E. N. E. Rain 
| > 4 6 e q N. by E. and N. by W. 1 
81 — — a : 1 
2 6] 54 — N. by E. and E. N. E. Rain 
4 7 — — — — 0 
EEE 
„ S_ 
ls 7 | | 2 1 
Sum is 71— 6 Which doubled is Min. 143.2 
| 8 8 2 "eg 
0 Diitance Diff. of Lat. in Min. 
Of 5 * Courſe ſailed in _— — 
8 ; Minutes, N. 8. 
30 | ®- Jan. 1778] South | 143.2 144.2 
Corrections by Obſervation. 9 34.0 
II Corrected 31 W. 177.5 | 177.2 | 
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. The zarh of va 1778. Freſh Gales with mall Show: 


towards Barbadoes: 


ers 1 Rain, A great Sea from the N.N.E. 


237 
11 


* % 
- 


Since the 26th Inſtant, (the laſt Day of Obſervation) 4 
this Day, I find we are more Southerly 34 Minutes than 
Account; and (with reſpect to the Sea) more Weſterly 14 M. 
nutes in Meridian Diſtance, which makes very near 17 Minutes 


in Longitude. 


Our Courſe and Diſtance corrected by a good 


tion, is S. 4d. 


with Latitude, Meridional Diſtance, 


hereunder. 


a. 
> * 
- 
* 


Ob 


33m. W. or S. half W. 197.5 Minutes, 


and Longitude as 


d m. d. m. 
's Zenith Diſtance 83 47 78. ©Q's Mag. Ampl. o. o/ WS. 
e Declination — 17.28 S. ©'s True Ampl. 22.57 WS. 
Lat. by Obſervat. 36.19 N. 1 Variation 13.50 W. 
epart. in [Latitude by] Meridional Longit. by 
Minutes | Account in | Diſtance in Account it 
E. W. Deg. & Min.|Deg. & Min. Deg. & Min 
| 36.53 N. | 09.03 W. | 18.32 W. - 
14.8] oo 34 S. | 00.14 W.| corp W. 
[14-8] 36.19 N. 09.17 W. | 18.49 9 
N 
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The Explanation of the preceding Journal. 


: I N this Journal, in the upper Part repreſenting the 3 there 
1 are five Columns, and in the lower Part there are twelve Columns 

all which have been deſcribed in the Directions immediately before the 
Journal (in Page 266.) The Buſineſs now is to explain the Manner 
of — this Journal, and that is thus: The firſt Page of the 
Journal (in Page 274) contains the Log-Board for the firſt Day aſter 
our departing the Lizard, which was $ the 23d of January, 1778, at 
Noon, when the Lizard bore N. 18 Minutes Diſtance, Cc. as in the 


* 


1 (Page 275) you may ſee. 
u But becauſe the Week Day is expreſſed by a Character, 
D{which may not be underſtood by every one (though it is 
d |convenient ſo to write them) — 12 here the Week 
Days with their Characters. 
A And becauſe the Lizard did bear North 18 Minutes 
2 Diſtance, therefore make the Courſe South, and place 
him. in the Column, under Diſtance, Sc. then the 
Difference of Latitude is 18m. which accordingly place in the South 
Column, and ſubtract it from the Lizard Lat. 49d. 57m. the Re- 
mainder 49d. 30m. is the Lat. the Ship is in, at parting fight of Land; 
which accordingly is placed in the Column under Lat. by Account, &c. 
And in the lait Column becauſe the Courſe is South, place the Lon- 
gitude of the Lizard 5d. 14m. Weſt, and all that Day's Work is done. 
Then from the 23d. Day at Noon, to the 24th Day at Noon, you 
have the Courſes and Diſtances for every two Hours, with the Wind 
and Weather, as they are taken from the Log-Board ; and all other 
Circumſtances attending, are there expreſſed; for the Particulars 
whereof, I refer to the Journal itſelf, in Page 274 The feveral 
Courſes and Diſtances of this Day, may be reduced to three Courſes : 
Thus, The Work of 9 the 23d of January, 1778, being the firſt Day's 
Sailing, in the preceding Fournal, Page 27 | 
H. EF. 1. K. F. 


At 2 W. by N. 5.2 


At 4 WSW. 50 
6 The ſame 5.6 


That is W. by N. 10.4 
n Tm — 75 At 5 2 5-5 
e ſame 
D _—_ —_ 5 Summed up is 11.5 
6 The ſame 6 g That is W. by W. 23 Min. 
10 The ſame "x Courſe. Dutt. N S. . W. 
12 The ſame 6. c N 106.2 10.7 98.2 
Summed up is 53. y 10.402. 10.2 
That is WSW. Min. 105. W. by W. 23. [ 8 {197 
Diſtance 139 0 53.5 Dep. 127.5 
2.1 | 
Differenceof Latitude $1.4 | As 
1 0 
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As Diff. Lat. -» Depart. : : Radius · T. Courſe, 
As m. 51 ++ M. 127: : T. 45d. ++ T. 68%3/'(SWly or WSW. 
Then, As Sine Courſe -» Depart. : : Radius -- Diſtance, 
As 8. 68d. 03m. ++ m. 127.5 : : S. god. m. 137.4, 


So that the Courſe made good is S. 68d. ozm. Weſterly, or 
WSW. neareſt, and the Diſtance 137 Min. 4 Tenths; which 
place in their proper Columns, as may be ſeen in the firſt Day 
of the Journal, at the Foot thereof in Page 274. 


The Difference of Latitude M. 51 5 (or neareſt 51 Min.) 
being Southerly, ſubtract from 49d. 39m. the Latitude at parting 
Sight of Land, the Remainder 48d. 48m. place under Latitude 
by Account, for the Latitude the Ship is now in. 


Again, The Departure 127.5 Minutes being reduced intoDe- 
grees, makes 2d. 7m, Weſterly, which place in the Column un- 
der Meridian Diſtance, &c. in Page 275. 


Laſtly, To find the Longitude the Ship is now in, you have 
both Latitudes, 49d. 39m. and 48d. 48m. the preſent Latitude, 
and the Latitude of the Day before, with the Departure Min. 
127.5, by which find the Difference of Longitude, as directed 
in Problem 5. of Mercator's Sailing, in Pages 96 and 97, where 
the Proportion is, | 


As the Difference of Latitude, is to the Departure; fo is the 
Meridional Difference of Latitude, to the Difference of Long. 


d. m. Min. 
h 23 49-39 : 3442 33 the Table 
2 2 Lat, 148.78 Merid. Parts 0 3364 J of Merid. Parts 


The Meridional Difference of Latitude 78. Then ſay, 


As 5m. 127 5 : : m. 78 m. . 193.5 m. or zd. 13m. Weſt- 
erly, which being added to the Longitude of the Day before, 5d. 
14m. the Sum 8d. 27m. Welt, is the preſent Longitude, which 
p ace in the laſt Column of the Journal; then that Day's Work 
1s Hniſned. 

J hen from the 24th Day at Noon, to the 25th Day at Noon 
(in the two next Pages of the Journal) the Courſes and Diſtances 
for every two Hour:, the Wind and Weather, with other Cir- 
cumſtances attending, taken from the Log board, are ſet down; 
for the Particulars, ſee the Journal, in Pages 276 and 277. 

Now the ſeveral Courſes and Diſtances of this Day are reduced 
thus: 


The Work of © the 25th of January, 1578, the ſecond Day's 
Sailing in the preceding * in Pages 276 and 277. 


Firſt, 
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H, K. F. H. K. F. 
Firſt, 2 WSW. 6. |Secondly, 4 — SW. — — 6. 
to the ſame 7. —— the lame ww 5.3 

12 8 7-1 ; 0 | FO ND 

- 7˙2 That is, SW. —— — — 23.6 

= £ [Thindly, SW. by W. — — 91 

5 . 4 The flame —— — 6.8 

Summed up, is — — — 13.9 

Summed up, is f. 1 That is SW. by W. — — 273 

That is, WSW. 16872 


So that the Courſes of this Day are theſe, WSW. m. 108.2 
SW. m. 23.6, and SW, by W. m. 27.8, and by Chapter 3, Sec- 


tion 4. of Plane Sailing, in Pages 64 and 65, may be reduced 


into one Courſe, as follows : 


Courſes. Diſt. | N. | 8. E. W. | 


W. S. W. 108.2 41.5 100. o 
S. W. 23.6 16.7 16.7 
SW. by W. 27.8 15.4 23.1 


Diſtance. 150.6 Lat. 73.6 Dep. 139.8 


As Diff. Lat. Departure: Radius . Courſe. 
As m. 72.6 m. 139.8: : T. 45d. . T. 62d. 14m. South 
Weſterly, or SW. by W. Z W. is the Courſe made good. 
As S. Courſe . Departure : : Radius .- Diſtance, 
As 62d. 14m. m. 139.8 : : S. god. «+ 158 Minutes. 

The Difference of Latitude m. 73.6 S. and the Dep. m. 1398 
Weſt, make the Courſe S. 62d. 14m. W. or SW, by W. 2 W. 
and the Diſtance 158 Min. which place in their reſpective Co- 
lumns in the Journal for the Day propoſed, in Pages 276 and 277, 

Then the Difference of Latitude m.73.6 or 1d. 14m. being 
ſubtracted from the Latitude of the Day before, 48d. 48m. the 
Remainder 47d. 34m. place it under Latitude by Account, for 
the Latitude the Ship is now in, as in Page 277. 

And the Departure m.139.8 near 140 Minutes, being equal 
to 2d. 20m. is added to (becauſe it is Weſt, had it been Eaſt it 
muſt have been ſubtracted from) 2d. 7m. the Meridian Diſtance 
the Day before, and it makes 4d. 27m. Weſt, for the Ship's 
whole Meridian Diſtance from the Lizard, which place under 
its proper Title, in Page 277. 

Laſtly, To find the Longitude the Ship is now in, you have 
the Latitude 48d. 48m. and 474. zam. the preſent Latitude, and 
the Lat. of the Day before, with the Dep. m. 139.8, by which 
you may find the Diff. of Longitude in this Manner, E. 24. 
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d. m. Min. 


b. 24 44 ö 3364 found in the Table of 
O. 25 0 Lat. 1545 *r. Fr 3253 Meridional Parts 

The Merid. Difference of Latitude 1 11, and then ſay, 

As m. 73.6 +» m. 139.8: : m. 111-- 210,24, or 3d. 31m. 
Weſterly, which being added to the Longitude of the Day before, 
8d. 275m.. the Sum 11d. 58m, Weſt, is the preſent Longitude, 
which place in the laſt Column of the Journal, in Page 277; 
and the ſecond Day's Work is finiſhed. | 

Again, In the two next Pages of the Journal, are the Courſes, 
Diſtance, Winds, &c. taken off the Log- Board from the 25th 
Day at Noon, to the 26th, which are wrought as follows : 
The Work of ( thE 26th of January, 1778, third Day's Sailing 

in the preceding Journal. 


Courſes. | Ditt. | N. 8. | ah W 


SW. by W. | 12.6 7.0 10.5 
SW. —— | 168.2 118.91 118.9 


Diſtance. 180.8 Diff. Lat.] 125.9] Dep. 124.9 


As Diff. Lat. Departure : : Radius · T. Courſe. 

As m. 125.9 ++ m. 129-4 :: T.45d. ++ T. 45d. 47m. South- 

Wetterly, or SW. is the Ship's Courſe. 

As 8. Courſe . Departure : : Radius -» Diſtance, 
As S. 45d. 47m. ++ m. 129.4 : : S. god. +» 180.5. Minutes. 

By the Work above it is evident that the Diff. of Latitud> *s 
m. 125.9 South, the Departure m. 129.4 Weſt, which makes the 
Courſe S. 45d. 47m. W. or SW. and the Diſtance 180 5 Min. 
very near, which place in the reſpective Columns in the — 
for @ the 27th of January, in Pages 278 and 27. 

Then the Difference of Latitude m. 125.9, or near 126 Min, 
equal to 2d. bm. South, ſubtracted from the Latitude of the Day 
before, 47d. 24m. Remainder is the Latitude by Account, the 
Ship is in 145d. 28m. N. which place in the 10th Col. in P. 279. 

And the Departure 129 min. or 2d. gm. W. being added to 4d. 
27m. the Meridian Diſtance of the Day before, makes 6d. 36m. 

eſt, the whole Meridian Diſtance by Account from the Lizard, 
which place in the 11th Column of the Journal, in Page 279. 

And now having both Lat, 47d. 34m. and 45d. 28m. with the 
Departure m. 129.4 ; by them find the Diff. of Long. thus, 


pgs. Lat, * | Merid. Parts — f Min. f — 


( +26 45d. 28m. the Ta- 
le of Mer. Parts. 

The Meridional Difference of Latitude 184 Min. 
KW As 
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As m. 125.9 ++ m. 129.4 : : 184m. -» 189. 1m. or 3d. gm. Weſt, 
the Difference of Longitude, and being added to the Longitude 
the Day before, 11d. 58m. the Sum 15d. 07m. is the Longitude 
(by Account) the Ship is now in; which place in the laſt Co- 
lumn of the Journal, in Page 279; and this Day's Work (as to 
the Account, or Dead Reckoning) is finiſhed. | 
But on the ſaid 26th of January at Noon, by a good Obſerva- 


tion of the Sun, I find the Latitude 45d. 4m. North, whereas 


by the Journal, the Latitude is 45d. 28m. North, their Difference 

is 24m. South, that is, the Ship by Obſervation is 24 Minutes 

more Southerly than by the Reckoning. | 
Wherefore, to correct the Latitude, place 24m. in the South 


Column, and add it to the Difference of Latitude m. 125.9, it 


makes Min. 149.9 for the corrected Diffence of Latitude; alſo 
ſubtract it from 45d. 28m. (the Latitude by Account) to make 
it agree with the Obſervation, as you ſee is done in the Journal 
for the ſaid 26th Day, in Pages 278 and 279. 

Then to correct the Departure, conſider according to the gth 
Rule in the Directions for keeping a Journal, preceding it in 
Page 269. whether there be a Current or no, and conſulting the 
written 1 I find, A great Sea after us, ſetting towards 
« the SSW. for theſe three Days pa/? ;” which I take to be the 
Cauſe of this Error of 24m. in Reckoning the Latitude; and 
therefore (by Problem 2, of Plane Sailing, in Page 61.) find 
what Departure a SSW. Courſe, with Difference of Latitude 
24m, will make, waich is thus, 

As 8 6 Points - 2413. : : S. 2 Points . m. 9.941 the Correc- 
tion in the Departure, which place in the Weſt Column, and 
add it to the Departure m. 129.4, it makes 139.3 for the cor- 
rected Departure: Alfo add it to 6d. 36m. (the Meridian Diſ- 
tance by Account) it makes 6d. 46m. the corrected Meridian 
Diſtance ; as you ſee in the 11th Column of the Journal in Page 
279: And to correct the Longitude by the 17th Rule for keeping 
a 33 (in Page 271) is thus: I | 

d. m. min, 
Account 45.28 a O69) found in the T. 
Lat. by } Obſervat. 45.04 Mer. Parts = Jef Merid. Parts. 
Correction in Lat. — 24 Merid. Diff. Lat. 33 Then, 

As 24m. . m. 9.941 : : 33 Min. -- 13.67 Min. the Correction 
in Longitude Weſt; which being placed in the laſt Column, 
and added hos that by the ſecond of the 13th Rule preceding 
the Journal, in Page 270, the Ship had out-run the Reckoning) 
to 15 Deg. 07 Min, the Longitude over it, the Sum 15d. 21m. 
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write underneath, which is the corrected Longitude the Ship 


is in. 3.5 

Laſtly, To find the Courſe and Diſtance agreeable to the 
Correction by Obſervation, you have the corrected Difference of 
Latitude and Departure; which, according to Problem 6. of 
Plane Sailing, in Page 63, is thus: 

As the corrected Difference of Latitude, is to the corrected 
Departure; ſo is Radius to the 1angent of the Courſe corrected: 
That is, | 

As m. 149.9 ++m.139.3 : : T. 45d.-+ T. 42d. 54m. South- 
Weſterly, or SW. by S. three Quarters W. is the corrected 
Courſe, 

As S, Courſe -» Departure : : Radius . Diſtance, | 

As S. 42d. 54d. -+ m. 139.3 : : S. god. +» 204. b. m. correct 
Diſtance. 

So that the Courſe and Diſtance corrected by Obſervation is 
SW. by S. three Quarters WW. 205 Minutes nearly, which write 
in the Aer for the ſaid Day, in Page 278. Then the whole 
is finiſhed, and the Reckoning ſet to Rights for that Time, 

And now, having largely ſhewed the Manner of theſe three 
Days Sailing, how they are wrought, and placed in their proper 
Columns in the Journal, with an Example of a Correction by 
Cœleſtial Obſervation ; I leave the reſt to the diligent Learner's 
Practice, for they are done after the ſame Manner : And on the 
zoth of January you will meet with another Correclion for your 
Trial, which you may perform, if you ſtudiouſly compare this 
one Example with the preceding Rules and Directions, and with 
frequent practice theſe will ſufficiently enlighten the Way, the 
Manner how, and the Veans whereby, to keep the Journal (in 
this eaſy and commodious new Method) with greater Certainty 
than hath been hitherto been taught. 

And to invite all to keep their Sea Journals after this new Me- 
thed, which I dare preſume will nearly quadrate with the Forms 
practiled by the Ingenious; I have cauſed Paper Books to be ruled 
and intitled (in all Reſpects) like to the Journal foregoing : 

Which you may be furniſhed with at reaſonable Rate, by 
Mefirs. MOUNTS and PAGE, Tewer-H/!, | 


——_ Y ____ 


Here follow ſeveral TABLES ſeful in Navigation with their 
Deſcription and Uſes briefly and fully explained. 


L. A Table of the Difference of Latitude and Departure from 
the Meridian. 
el II. As 


| 
| 
| 
| 
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| 
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II. A Table of Meridional Parts, for the making Mercator' 
Charts, and working Queſtions in that Kind of Sailing. 

III. A Table of proportional Parts, for ſupplying every Mi- 
nute of Latitude in the Table of Meridional Parts. 

IV. A Table of Logarithms from 1 to 10,000. 

V. A Table of Artificial Sines, Tangents, and Secants to 
every Degree and Minute of the Quadrant, and Radius being 
10,000000. | „„ 

VI. A Cable of Angles, which every Rhumb (or Point of 
the Compaſs) maketh with the Meridian. | 

All of them carefully corrected and exactly printed. 


CHAP. I. The Explanation and general Uſe of the Table of Lt- 
garithms, and Table of Sines, Tangents, and Secants. 


F HE Table of Logarithms being of more general Uſe than 
1 any other, I begin with it, altho' it be one of the laſt in this 
_ 1 ö * 


Section I. The Uſe of the Table of Ten Thouſand Logarithms, 
| beginning at Page Ji5. ' 
T* IS Table hath its firſt Page divided into ſix Columns, and 
all the following Pages into ſeven Columns, and contains 
the Logarithms for ail Numbers, increaſing in their natural Or- 
der, from 1 to 10, ooo; after this Manner. 

1. The Firſt, Third, and Fitth Columns of Page 315, con- 
tain Numbers increaſing in their natural Order, from 1 to 100, 
the other three Columns contain the Logarithms of them. 

2. The Left-hand Column of each following Page (from P. 
319 to Page 357) contains Numbers increaſing as before, from 
100, to 999; the next five Columns of each Page, contain the 
T.ogarithms of all Numbers from 1000 to 9999: Thoſe on the 
Lett-hand Page are diſtinguiſhed at the Top with the Figures 
cla, thoſe on the Rizht-Hand with the Figures 5|6]7]8[9. 

3. Ihe Numbers in the Left hand Column, (under Numb.) in 
each Page, with the joining thoſe Figures at the Top of the other 
ten Colunins, are extended from 1000 to 999009. 

4. The laſt Column of each Page, under Diff. at the Top, con- 
tain<the Difference of the Logarithms ſucceſſively in that Column. 

The Manner of reading them, and their general Uſe, ſhall be 
explained in the following Propoſitions, : ; 
Propoſition 1. A while Number, under 100, being given; to find 
: | the Logarithm thereof. | 


The Rule. Turn to the Table of Logarithms, and A 
DOE x s 4 , . EO ee Es ir 
} :4 1 
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Firſt, Third, or Fifth Column, of Page 315, under Numb.) 
at the Top, look for the given Number, and in the next Co- 
lumn, under (Logar.) is the Logarithm ſought. 

Example. Suppoſe the given Numb. was 19; What is its 
Logarithm ? * 

Look in the firſt Column of Page 315, (under Numb.) for 19, 
and in the next Column, under ( Logar.) is 1.278754, which is 
the Logarithm of 19 : After the ſame Manner you will find the 


2 0,301030 
_ 10 $.COO000 
Lozarithm of | 4s to be 1.653212 


100 2.000000 

Note 1. In every Logarithm, the firtt Figure or Index (to the 
Left-hand, is called the Characteriſtic, Index, or Noting Figure, 
and it ſerves to ſhew how many Places the Abſolute or Natural 
Number, (thereunto belonging) doth contain. | 

Note 2. The Characteriſtic or Index of every Logarithm is, 
an Unit leſs than the Number of Places in its correſpondent Ab- 
ſolute Number. That is, : 

All Numbers from 1 to 10, the Firſt Figure of their Logarithms 
is o; from 10 to 100, is 1; from 100 to 1000, is 2; from 1000 
to 10,000) is 3; from 10.000 to 100.000, the Characteriſtic or 
Index of their Logarithm, is 4, &c. 


Propoſition 2, A Number that conſiſis of three Places being given; 
to find its Logarithm. | | 

The Rule. Seek the given Number in the firſt Column of 
the Left-hand Page, under (Numb.) at the Top; juſt againſt 
that Number, and in the next Colunn, under (o) at the Top, 
you will find a Numb. of fix Places beſides the Index Figure 
correſpondent to the given Number ; that intire Number 1s the 
Logarithm ſought. 


Example. I defire to know the Logarithm belonging to the Abſclute 
. Number 215 ? | 
In the firſt Column of Page 320 under (Num.) you will find 
215, and right againſt it in the next Column uader (0) at the 
Top, is .332438, for the Number 215, belides the Index Fi- 
gure 2, Which is proper for the Number 215. 
| 24.5 21s ＋ — 7 
2,15 0.312438 in ag. 


In like Manner | Ks : 1:332438 3 
the Logarithm of 0. 369 = 1.567026 Jin Page 
567026 8. 
1.567026 | 359% 
2.567026 
T4 5 Here 
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Here Note, That when the given Number is a Decimal 
FraQtion, the Index hath a Daſh over it, which by ſome is called 
a Negative, being it is the Index of a Logarithm whoſe correſ- 
pondent Abſolute Number is leſs than an Unit. 


Propoſition 3. A Number conſiſting of four Places given; to find 
the Logarithm thereof. 

The Rule. Seek the three firſt Figures of the given Number 
in the Left-hand Column, under (Num. ) and the Fourth or laſt 
Figure at the Top; then in the Common Angle of Meeting is a 
Number of fix Places (beſides the Index Figure) before which, 
if you place or prefix itsiproper Characteriſtic or Index, you will 
then have the Logarithm ſought, 


Example. hat is the Logarithm of 2157 ? 


In the Leſt-Hand Column of Page (320) under (Num.) find 
215. and 7 at the Top of the Page (321) then right againſt 
(215) and under 7 you will find (beſides its Index Figure) 
3338 50 before which prefix its proper Index 3, and its 3.333850, 
the Logarithm of 2157. In like Manner, 


215.7 2.333850 


| 21.57 | | 1.333850 
2.157 | 0.333850 
1 1.333850 
0.02157 2.333850 
The Logarithm of 4 0.002157 > 18 3 333850 
0.03695 2.567614 

0.3695 1.567614 : 

3.695 o. 56614 n Page 

36.95 | 1.567614 \ 359: 

369.5 1 12.566614 


Propoſition 4. A Logarithm being given, to find the Abſolute 
Number thercunto belonging. 

This is but the Converſe of the former Propoſitions, and 
therefore according to Chap, I. Note 2. in Page 295. 

The Rule is, 1, The CharaQteriſtic or Index, will declare of 
how many Places the Correſpondent abſolute Number doth conſiſt, 

2, For if the Index be (0) or (1) ſeek the given Logarithm in 
Page 315 of the Table of Logarithms ; and when its (2) ſeek it 
in the following Pages after Page 315. But when it is 3, 4, or 5 
&c. reject the Index and ſeek the remaining Figures among the 
Legarithms as before, and the Num. againſt it is the Num. ſought, 
j Example, 
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Example. Let the given Logarithm be 0.558970. What is the 
Abſolute Number belonging thereunto? 


This Logarithm 0.698970 you will find in ſecond Column 
of Page 315, under (Logar.) at the Top, and right againſt it 
in the Left-hand Column under (Num.) there is (5) which is 
the Abſolute Number ſought. 


Example 2. I demand the Abſolute Number correſpondent to this 
Logarithm 1.653212 ? 


Look down the fourth Column of Page 315, and you will find 
1.653212 under (Logar.) to ſtand againſt 45 under (Num, ) 
which is the Number required. * 


Example 3. What is the Abſolute Number anſwerable to this 
Leogarithm 2.332438 ? * | 


The Characteriſtic or Index 2, ſheweth the Number ſought 
doth conſiſt of three Places; and in the ſecond Column of the 
Left-hand Page under (0) at the Top, in Page (320) you will 
find the aforeſaid Figures 2. 332438 to ſtand againſt (215) in the 
firſt Column under (Num. ) therefore the given Number ſought 
is 215. 

Example 4. Suppoſe the given Logarithm be 3. 3338 50 What 
is the Abſolute Number agreeable thereunto. „ 

Reject 3 the Index, which declareth the Number ſought con- 
ſiſts of four Places; and then looking down the ſecond Column 
of the Left hand Page, you will (in Page 320) find the neareſt, 
(leſs than. 3338 50 the given Logarithim) to be. 332438, and the 
Number againſt it in the Left-hand Column is (215); then look 
acroſs the Pages in the ſame Line direct, towards the Right-hand, 
from the ſaid 215, and under 7 at the Top in Page (321); you 
will find the given Logarithm. 333850, therefore 215 in the Left- 
hand Column, and the 7 at the Top being put together, make 
2157 the Number required, ; 
Section II. The Uſe of the Table of Artificial Sines, Tangents, 

and Secants, beginning in Page 358, 


HIS Table follows next after the Table of Logarithms, 
and contains the Logarithmic Sige, Tangent, and Secant, 

to every Degree and Minute of the Quadrant, after this Manner, 
1. Every Page is divided into eight Columns, the firſt and laſt 
of which contains the Minutes of every Degree, and the other 
ſix, the Logarithmic Sine, Tangent, and Secant, to thoſe De- 
grees and Minutes reſpectively. ws 
2, The 
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2. The Rice { hand Column of each Page] — | Min, 


at the es g of the Table containeth the Minutes of thoſe 
Degrees which are — F than 45, and increaſe in their 


Deſcent : 
Aſcent { from o to 60 Minutes. 


The Explanation is in the Propoſition following. 
Propoſition 5. To # the Sine, Tangent, and Secant of any 
l egree and Minute given. 


The Rule. If the Degree be ö l 0 than 45, it is found in 


thoſe Columns which have the Words, Sine, Tangent, Secant, 


at the f Ar { of the Table, 


Example 1. I demand the Sine, Tangent, and Secant ef 
25d. 15m. 

Look for 25 Degrees, (in Page 408) at the Head or Top of the 
Table, in the firſt Column of the Left-hand Page (urider Min, 
at the Top) look downwards for 15; againſt which, (in the ſame 
Page under Sine) you will find 9.629989. which is the Sine of 
471 15m. Alſo againſt 15, and under Tang. you have 9.67 3602, 
the Tangent of 25d. 15m. Likewiſe againſt 15, and under 
Secant, you have 10.04.3613, the Secant of 25d. 15m. 


Example 2. Suppoſe you are to find the Sine, Tangent, er 
Secant of 33d. 45m. | 

Turn to 33 Degrees (in Page 424) at the Head of the Table, 
and in the firſt Column upon the Right-hand Page, under (Min.) 
at the Top (of Page 425) find 45; right againſt which, and 
under (Sine) at the Head of the Table (in Page 425) you will 
find 0.544739, which is the Sine of 33d. 45m. Alſo againſt 45, 
and under ( Tang.) you will have 9.824893, the Tangent of 33d. 
45m. Likewiſe againſt 45, and under (Secant) is 10.0801 54, 
the Secant of 33d. 45m. 

Example 3. Let it be required to find the Sine, Tangent, or 
Secant of 56d. 15m. 

Seek 56 Degrees (in Page 425) at the Foot or Bottom of 
the Table, and in the Right-hand Column of (Page 425) 
pver (Min.) at the Foot of the Table look upwards for 1 53 

| then 


N. 


ſe 


- 
p 
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then againſt 15, and over Sine (at the Foot of the Table) you 
have 9.919846, the Sine of 56d. 15m. Alſo, againſt 15, and 
(over Tang.) you will find 10.175,107, the Tangent of 56d. 
15m. Likewiſe againſt 15, and (over Secant) you will find 


10.255261 the Secant of 56d. 15m. 


Example 4. Suppoſe it were required to find the Sine, Tungent, 
or Secant of 67d. 51m. 
Turn to 67 Degrees at the Foot of the Table, (in Page 402) 
and in the Right-hand Column of that Page, over (Min.) at the 
Foot of the Table, look upwards for 51; then againſt 51, and 
over Sine, in Page Fa: you will find the Sine of 67d. 51m. to 
be 9 966705; and the Tangent in the ſame Line (over Tang.) 
to be 19.390326 ; alſo the Secant to 10.423621. | 


. * | by 
Propoſition 6. A Sine, Tangent, or Secant being given; to fond | 
the Degrees and Minutes anſwering thereunto, 


And that the Learner may the more readily turn to the Degree 
and Minute required, let him obſerve this brief Rule ; 


Sine 4 — 8 4 
A \ Tang on the 1ſt Figures 5 Jeg g 1 
Secant more (10.1 506 


Sine 
is a f Tang. 5 leſs than 45 Degreos, 


Secant more 


ExarYile 1. Suppoſe it was required to find the Degrees and 
Minutes anſwering to this Sine 9.7 39205. 
Tais, according to the preceding Rule, being the Sine of leſs 
than 45 Degrees, I run over the Columns which have (Sine) at 
the Head of the Table, and under 33 Degrees, and againſt 16, 
(in Page 424) I find the given Sine; therefore the Degrees and 
Miautes ſought are 33d. 16m. | 

Example 2. Suppoſe you are to find the Degrees and Minutes 
correſpondent to this Tangent 10.183966. 


Running over the Columns which have (Tang.) at the Foot of 
the Table, you will find (in Page 424) over 56 Degrees, and 
right againſt 47 Min. the neareſt leſs to be 10.183893. There- 
fore the neareſt correſponding Degree and Minute is 56d. 47m. 
In like Manner do for any other. 

Propoſition 7. To find the Sine Complement, Tangent Comple- 
ment, or Secant Complement of any Degrees and Minutes. 

The Rule, Subtract thoſe Degrees and Minutes from go De- 
grees, and then take the Sine, Tangent, or Secant of 85 
* ö . T © 4 . f EY e- 
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Remainder according to Propoſition 5, in Page 298 ; which will 
be the Sine Complement, Tangent Complement, or Secant 
Complement required, 


Example. Snpprſe it be required to find the Sine Complement, 
Tangent Complement, or Secant Complement of 33d. 45m. 


Subtract 33d. 45m. from go Degrees, the Remainder is 56d, 
15m. whoſe Sine, Tangent, or Secant, according to Propofition 
5, in Page 298, is the Sine Complement, Tangent Complement, 
or Secant Complement required. 4 


Propoſition 8. To find the Sine, Tangent, or Secant, of any 
Number of Degrees and Minutes, which exceed 95 Degrees. 


The Rule. Subtract thoſe Degrees and Minutes from 180 
Degrees, and ſeek (according to Propoſition 5, in Page 298) 
the Sine, Tangent, or Secant, of the Remainder, which will 
be the Sine, Tangent, or Secant required, 


Example. Suppoſe you are to find the Sine of 132d. 17m. 


Subtract 132d. 17m. from 180 Degrees, the Remainder is 47d. 
43m. the Sine of which is the Sine required, So 


Propoſition 9. To find the Complement Arithmetic M any Lo- 
garithm given. a 
The Complement Arithmetic of a Logarithm is, what it wants 
of 10.000000 or 20.000000, and is uſed to avoid Subtraction : 
For finding it ; this is 

The Rule. Take the Reſidue or Remainder, of the firſt Fi- 
gure to 9, and ſo of the reſt, until you come to the laſt Figure, 
of which take its Remainder under 10, and it is done, 


Example 1. I would have the Compl. Arithmetic of 9.625948 ? 


For the firſt Figure ꝙ write o; for 6,3; for 2, 7; for 5, 43 
for 9, o; for 4, 5; and for the laſt Figure 8, write 2: And fo 
you have 0.374052, for the Complement Arithmetic ſought. 


Example 2. The Complement Arithmetic of 10.331327 is 
required ? 

For o (always rejecting the firſt Figure, when there are two 
Figures in the Characteriſtic) write 9; and ſo on as before 
directed, and then you will have 9.668673, which is the Com- 
plement Arithmetic of 10.331327. 

CHAP, 


Ch. II. The Uſe of the Table of Diff. of Lat. and Dep. $1 


Chapter 1I. The Explanation and Uſe of the Table of Dif- 


ference of Latitude and Departure from the Meridian, in 
Page 3ob and 307. 


HIS Table, though ſtanding in fo little Room as two 
Pages, will give the Difference of Latitude and Departure 


for any Diſtance run, under 10.000 ; and for every Quarter 
Point of the Compaſs. 


1 he Courſe ſtands at the Head and Foot of the Table; at the 
Head it begins at 4 Point, and then 4 Point, + Point, increaſing 
forward to 4 Points. 

At the Foot it begins at 4 Points, and then 4 Z Points, 
41 Points, 4 3 Points, increafing backward to 7 Points. 

The Diſtance run is placed in the two outermoſt Columns of 
each Page, under and over the Word Diſt. both at the Right- 
hand and at the Leſt-hand, beginning at 1; and increaſing down- 
ward to 10, about half Way each Page; and then beginning at 
1. and from thence increaſing to 10, at the- Foot of each Page. 

The Difference of Latitude and Departure from the Meridian 
ſtand under the Courſe at the Head of the Table, and over the 
Courſeat the Foot thereof; which are diſtinguiſhed by the Words 
Lat. and Dep. 

The Uſe of this Table ſhall be made evident in reſolving a 
ſingle (which is the firſt Caſe of Plane Sailing) and alſo 


a Traverſe in theſe following Propoſitions. 


Propoſition 10. Courſe and Diſtance run given; to find the Dif- 
ference of Latitude and Departure from the Meridian. | 

Example 1. Admit a Ship fails 8. by W. 3 W. 6 Minutes, I 
demand the Difference of Lat. and Dep. from the Meridian ? 

On the Left-hand, in Page 3ob of the Table under 1 4 Points, 
and right againſt 6 Minutes under Diſt. you will find (under 
the Word Lat.) 5.6492, and (under the Word Dep.) 2.0213, 
for the Difference of Latitude and Departure required. 

But it may ſuffice if the Difference of Latitude and Departure 
be taken only in Leagues or Minutes, and tenth Parts of a 
Minute, or Leagues, with this Allowance, that is, 

051 

151 

251 

33 * f 
If the Parts be 1451 or more, for it ſet down 
| $51 

651 

751 

851 


Tenth 


Tenths 


O Om +>UW 08 - 


And 
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And when the Parts are 951, or more, then make the Minutes 
er Leag. of Diff. of Lat. and Dep. from the Meridian 1 more 
than they are in the Table; as for Inſtance in both Caſes, 

3.151 | 3:2 + 
8. — 3 6 Tenthe, 
Inſtead of 7.259 f {et down 4 7.3 | 
950 | 19. © Minutes or Leagues. 
| 9-9599_ 10. 

So then the aforeſaid Example S. by W. ZW. Diſtance 6 Min. 
being ſought in the Table, finds, as by the above; 

The 1 — of Lat. 5.6492 Get Min. 5.6 Tenths. 
Departure - 2.0213) * [Min. 2.0 Tenths. 


Example 2. A Ship fails SSW. half Weſt 60 Minutes, I de- 
mand the Difference of Latitude and Departure from the Merid. 


To perform this, count 1 at the Beginning of the Table, to be 
10, and 2 to be 20; 3, 30; 4,40; 5, 50; 6,60; &c. to 10, 
which ſtands for 100: According to this Direction, againſt 6, 
(which now ſtands for 60) on the Right-hand Page 307, and 
under 24 Pts. ſtands 5.2915, under Lat. and 2.8284, under Dep. 
which makes the Diff. of Lat. 52.915 or Min. 52.9 Tenths, and 
the Dep. 28.284, or Min. 28.3 Tenths : For obſerve, That if the 
Diſtance be 6 Min. the Diff. of Lat. is 5.291, the Dep. 2.828, 
rejecting the laſt Figures, which are of little Value. But, 

60 52.91 28.28 
Wade $600 . ö 529.1 00 Dep. { 282.8 
2 6000 65297 - 2828.0 

And after this Manner you muſt increaſe the Diff. of Lat. and 
Dep. as the Diſtance doth increaſe in a tenfold Ratio. 

— 3. Suppoſe a Ship ſails ESE. 4 E. 65 M. I demand 
the Difference of Latitude and Departure from the Meridian ? 

This muſt be looked out of the Table at twice, that is, firſt 
find the Diff. of Lat. and Dep. for Diſt. 60 Min. then find the 
Diff. of Lat. and Dep. for Diſt. 5 Min. both under the ſame 
Courſe, and add both together, which will ſhew you the Diff. of 
Lat. and Dep. required, as hereunder you may ſee. 


60 20.21 | 56.49 

For Diſt.] 5 The Diff. Lat. is] 1.68 and Dep. { 4.71 
55 21.89 61.20. 

That is, according to the former Directions, the Difference of 

Latitude 21.89. or Min. 21.9 Tenths, and the Departure 61.20, 


or Minutes 61.2 Tenths, which was required. 


Example 4. A Ship fails SW, by S. 1 W. 137 Minutes, 1 
demand the Diff. of Lat. and Dep. from the Meridian ? * 
, 13 
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This muſt be taken out at thrice; that is, ſeek the Diff, of Lat. 


and Dep. for the Diſt. in m. 100, for m. 30, and for m. 7, with 


the ſame Courſe; add them together as hereunder is done. 
Min. 


For Diſt. * Diff. Lat. is * 


1007 


137 


Min. 


80.32 
62 


110.04 


and Dep. 


- 
59-57 
17.97 
4 17 
81.61 


That is, Diff. of Lat. is 110 Min. and Dep. is m. 81.6 Tenths. 

Propoſition 11. Several Courſes and Diſtances given; to find 
tha Diff of Lat. and Depart. which is the reſolving a Traverſe, 

Example. Admit a Ship fails WSW. 106.2 m. then W. by 
N. m. 104 then SW. by W. 23 m. I demand the Diff. of Lat. 
and Dep. direct Courſe and Diſtance from the firſt Place? 

Theſe Courſes and Diſtances are taken from the foregoing 
Journal, in Page 274, being what the Log-Board made out for 
the firſt Day after departing from the Lizard. 

In order to the working this by the Traverſe Table, ſet down 
the ſeveral Courſes, and Diſtances, as in the Table following. 


| Dift. | Difference of Lat. Departure. 
20 8 in min. | N. 8. E. W. 
W. S. W.] 100.0 38.27 92.39 
| 6.0 2.30 * 
| 2 08 ee 
W. by N.!“ 12.0 1.95 9.81 
I 0.4 0.08 0.39 | 
SW byW] 20.0 11.L1 16.63 
| 3.0 1.67 2.49 
Summ'd up | 2.035343 127.43 
S ubtracted | B | 
| X. Lat. | 51.40 | Dep. | 129-4 


Then by Prob. 1. Find the Diff. of Lat. and Dep. for each 
ſeveral Courſe and Diſtance, which place in their proper Columns; 
that is, if the Courſe be North Eaſterly, place the Difference of 
Latitude in the North Column under N. and the Departure in 
the Eaſt Column under E. Tf the Courſe be N. Weſterly, place 
the Diff. of Latitude in the North Column under N. and the 
Departure in the Weſt Column under W, | 

If the Courſe be South Eaſterly, place the Diff. of Lat. in the 
S. Column under S. and the Dep. in the Eaſt Column under E. 
but if the Courſe be South Weſterly, place the Diff. of Lat. in 
the South Column, and the Departure in the W. Column. p 

- 


3 
2 
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As for Inſtance, in the foregoing Table; the firſt Courſe is 
WSW. the Diſtance 106.2m. which is parted into three Parts, 
viz. 100 and 6 and 2; and the Courſe being S. Weſterly, | 
place the Difference of Latitude m. 38.27 under S. and the Dep, 
m. 92. 30 under W. The like I do for the Diſtance 6, and alſo 
for .2, as is done for the Diſtance 100. The ſecond Courſe is 
W. by N. the Diſtance 10.4, which is alſo looked out at twice; 
and the Diff. of Lat. 1.95, I place under N. and the Departure 
9.81 under W, the like you muſt do for the reft. 

Thus having found the Difference of Lat. and Departure for 
all the Courſes, and inſerted their ſeveral Diff. of Lat. and De- 
parture in their proper Columns; the next Thing is, to add up 
the N. E. S. and W. Columns, and fer their Sums underneath, 

Then ſubtra& the North and South Columns, the leſs from 
the greater; and likewiſe the E. and W. Columns. 

As in the foregoing Table, the Sum of N. Column is 2.03, 
of the S. 53.43, of the E. Column 0.00, and of the W. Column 
127.43: And ſubtracting the N. Column from the $. the Re- 
mainder is 5 r. 40, the Difference of Latitude Southerly, 


And ſubtracting the E. Column from the W. the Remainder 


is 127.43 the Departure Weſterly. 

Now having the Difference of Latitude and Departure, you 
may find the Courſe and Diſtance by Chap, 3, Sect. 3, Prob. b, 
of Plane Sailing, in Page 62. | 

By which you will find the Courſe to be W.S.W. and the 
Diſtance 137 Minutes nearly, as you may ſee in the Journal for 
the firſt Day thereof, in Pages 274, 275, 288, 289. 


CHAPTE#RII, The Uſe of the Table of Meridional 
Parts, beginning in Page 308. 
HIS Table ſhews the Meridional Parts for every Minute 
of Latitude; and is thus to be underſtood. 

In the firſt Column towards the Left-hand (of each Page) are 
the Degrees of Latitude from 1 to 89 Degrees: In the next fix 
Columns are the Meridional Parts for every five Minutes of Lat. 
anſwering to the Degrees in the firſt Column; which on the 
Left-hand Page are diftinguiſhed with | om | 5m | 10m | 15m | 
20m | 25m | and on the Right-hand Page, with | 3om | 35m | 

40m | 45m | 5om| 55m | at the Head of the Table. 
In the laſt Column of each Page towards the Right-hand is 
the Difference in Meridional Parts, to every five Minutes of 
Latitude; by the Help of which, and the following Table of 
Proportional Parts, the Meridional Parts to every Minute of 
Latitude may be adjuſted, ets 20 n 
| ; [9- 
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Prop. 12. To find the Merid. Parts to every 5 Min. of Latitude. 


Examp. 1. Suppoſe the Latitude of 13d. rom. be given; to 
find the Meridional Parts belonging to it ? ; 
Right againſt 13d. in the firſt Column of Page 308, and unde 
10m. (at the Head of the Table) in the 4th Column, you will 
find the Meridional Parts to be 797 Minutes. . 
Examp. 2. Admit you were to find the Meridional Parts an- 
ering to the Latitude 50d. tom. : | | 
Right againſt 50d. in the firſt Column in Page 310, and under 
10m. (at the Head of the Table) in the 4th Column, you will 
find 3490, which are the Meridional Parts required, 


Chap. IV. The Uſe of the Table of Proportional Parts, next 
following the Table of Meridional Parts, in Page 314. 


T HE Uſe of this Table, is to find the Meridional Parts to 
every Minute of Latitude, 


Prop. 13. To find the Merid. Parts for every Minute of Eatitude 
Example 1. Suppoſe it was required to. find the Meridional Paris 


4 for the Latitude 21d. 23m. ? 


Firſt, Find the Meridional Parts for the Latitude 21d. 20m. 
(20m. being the next even 5, leſs than 23m.) which you will find 
in Page 308, to be 1311; and right againſt 21d. in the laſt Co- 
lumn (noted with the Difference at the Head of the Table) you 
will find 5. 

ove" 5 With this Difference 5, go to the Table of Propor- 
tional Parts, in Page 314,and look 5 (in the firſt Column thereof) 
under D, which ſtands for Difference, and becauſe 23m. is 3 more 
than 20, look under 3 at the Head of the Fourth Column ; fo 
then right againſt 5 in the firſt Column, and right under 3, you 
will find 3, which add to 1311, and it makes 1314 Minutes, the 
Meridional Parts for the Latitude 21d. 23m. required. 


Example 2. Let it be required to find the Meridional Parts 
anſwering to the Latitude 51d. 49m. 


The next leſs than 49m. is 45m. therefore find the Meridional 
Parts for 51d. 45m. which is 3641, and right againſt 51d. in 
the Column of Difference is 8. 

Now 49m. is zm. above 45m. Therefore in the Table of Pro- 
— Part right againſt 8, and under 4, you will find the 

roportional Parts to be 6; which add to 3641, makes 3647 
Min. the Merid. Parts for the Lat. 51d. 49m. required, 

And thus much may ſuffice for the Ule of theſe Tables, and for 
t:is Diſcourſe, which I hope is plain and caſy to every Reader. 
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A T ABLE of Difference of Latitude and — 


—_— 


{ 


4 


1 


from the Meridian. 
SI Point | 4 Point | Point | 1 Point d 
3 "Lat. I Lat. | Dep. Dep. | Lat. | Dep. be 
| 1 b. 9988 3.995 210.098c[0. 0. 14670. 980800. 195 101 | 
2 11.9976 1.9903 » 16-444 by 0.293511 961610. 3902 2 
3 2.9964 2.985 50.294 0. 440202. 9424ʃ0.58530 3 
4 3.9952 3.9807 .o. 3921 0.586113 923200. 7804 4 
5 4.9940 4-97 5919-4901 0.7 337]4-924919-9755| 5 
6 [5.9927 415 9711 o. 5881 o 880405. 88471. 1705 6 
7 (6.9915 6.966 300.086 1.027 106.865 51.365607 
8 [7.9903 7.961 50.784277. 1.17387 8463[1.5607| 8 
9 [8.9891 8.956710.8822]8. 1.3206]8.827111.7558] 9 
10 [9 9879 9.951910.980219. 1.467 39. 80791. 9509 io 
Dep. Lat. | Dep. | Lat. Lat, | Dep. | Lat. | 
91 Points 7 3 Points / 4 Points| 7 Points |* 
_ — — 
II 7 Point — 2 3 Point 13 Point | 2 Points S 
"| Lat. Lat. | 4 Dep. Lat. 1 Lat. * i 
1 ſo. 9 7ooſo. 24300 95 69 o, 29030. 94 15/0. 3569 o gage. 180) 5 
2 1.9 000 4760. 91390. 5 8061.88 3 100.6073801 8478 0.76540 2 
3 2.91010 7289)}2.8708j0.8709[2. 1.010712 .7716'1 14800 3 
4 3.88010 971913.8278j1.161213. I. 34763•695 501.8307 4 
5 4.850 4.7845 15 1.6845/4-6194/1 9133] 5 
6 5.820 $15.741611.7417]5. 2 0213(5-5433[2.2961| 6 
7 16.7991j1.7009]}6 6986[2.0320 2.3532j10.4072[2.6788; 7 
8 |7 7602 7.655 512.322317. 2.085117.391013.0614]| 8 
9 |8 73022. 8 61252 614% 3-032c|8.314913.4441] 9 
10 [9.7002)2z 569403 9oꝛꝗ 3 3089. 9.238803 086810 
S | Dep. Dep. | Lat. 1 Lat. 1 Dep. | Lat. D 
— : Jef eee, : = 
6 3 Points 0 3 : ; Points Points 


6 Points 
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Mt f Bbw Dontrot® Tate oak 


from the Meridian. 


- | Vid | 


2 1 Points 


Lat. | 


0.9040 
1.8080 
2.7120 
3.6160 
4-5200 


AM, 


up 276 


Dep. 


2 1 Points 


— 


o. 8551 
1.2827 
1.7102 
2.1378 


0.8819 
1.7638 
2.645 8 
3-5277 
4-4100 


Dep. 


1 
0.9428 
1.4142 
1.5856 
2.3570 


7. 2320 


5424 
6.3280 


8.1360 
g. 0400 


” 


e © © 1 
11S 

x 

1.9 


2.5654 
2.9929 
3 4205 
3.8480 
4 2756 


Lat. 


—— — 


52915 
6.1734 


2.8284 
3.2998 


70554 
2273 
88192 


4.2420 


3.7712 
+7140] 


2 3 Points 


3 Points 


Lat. 


0 8577 0.5141 
1.7155/1.0282 
2573215625 
343022. 0664 
* waned $075 


Dep. 


Lat. 
0.8315 
1.6629 
2.4944 
3-3259 
41574 


5. 146403. 0846 
6.00413. 5987 
6.8618 + 1128 
7.7196 4.6269 
8.5773 5-1410 


—— — 


4.9888 
5.8208 
6.6515 
7 4837 
8.3147 


0 1 


| Bow | Lat. 


— 


Dep. 


0.5556 


1.4111 
1.6667 
2.2223 


2.7779 


373334 
3.8883 


4.4446 
5-0001 


$+5557 


Dep. | 


UE 


Points 


5 3 Points! 


8 Points 


Lat. 
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1 Points 


Dep. 


312 1 Points 


ä Dep 


o 8032 
1.0064 
2.4090 
3-2128 
4-0101 


———— — 


4.8193 


2 5937 


1.7871 
2.3828 


4.7656 
53-3613 


þ 7730 
1.19140 

2 3190 
3.0920 
Se 


1574. 


54 1699 


6.957 
995/97-730! 


. 
— 


| 'V'q | 00 do & [ US W.0 1 'Viq 


Dep. 


—_— 


Lat. 


4 + boints4 


5462 


3.8651 


4.6381 


5 4111 
6.1841 


0.6344 
1.2688 


1.9032 


2.5370 
3.1720 


3.8064 
44408 


3-075215 


5.7096 
9.4440 


—— — — 


Dep. 


| Lat. 


I Points 


0.7410 
1.4819 
2.2229 
2.9638 
37048 


44457 
5 1867 
9270 
6.6686 
74095 


1.3431 
2.0147 
2.6862 


3.3578 


4+0294 
4.7009 
$+3725 
6 0448 
6. 7156 


Dep. 


3 


4 1 Points 


RF 


Lat. | 


0.7071 


1.4142 
2.1213 


2.8284 


5-650 


6.364016. 


N 


Dep 


3+5356|3-5350 


4-24274-2427 
1·9498ʃ4.9498 


4 Points 


4 Points |. 


Dep. |S 


0.7071] 


1.4142 
2.1213 
2.8284 


Lat. 


I 

2 
3 

4 
5 
6 
7 
8 
9 
0 
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The Minutes of each Degree. 


— 


J 
g —F 
o | om, | gm. | 10m, | 15m, | 20m, | 25m, | = 
- | 5 
8 The Meridional Parts. ha 
10 o 5 10 N 20 5 
1 60 65 70 75 80 85] 54 
2 120 125 130 135 140 145] 5 
3 180 185 190 195 zoo | +« 205 | 5 
4 240 245 250} 255 260 265 | 5 
18 300 305 310 315 320 325 5 
6 361 366 371 376 381 386] 5 
7] 421 426] 431] 435] 441] 446 5 
8] 482] 487] 492] 497 | goz} 507 5 
9 542] 547} 552] $57] 562] 568 5 
| 10 603 608 613 618 623 628| 5 
11 564] 669 674 679 684 6900 5 
12 725 730] 736 741 746] 751] 5 
5 792 797 802 807 | B12] 5 
144 B48] 8354] 859 864] 8369 874| 5 
{15 910 916 921 926 931 936 5} 
16 973] 978 983] 988 994 999 5 
171 1035 1041 | 1046] 1051] 1056] 1061] 5 
18 1098 1103 1109 1114 1119 1125 5 
19 21161] 1167] 1172] 1177] 1183] 1188] 5 
$0] n22ci] ago} 930 1agr]} nagh} ng] $ 
21] 1289| 1295 1300 130g | 1311 1316| 5 
22] 1254] 1359] 1364] 1370] 1375] 1381| © 
'23] 1419] 1424| 1429 1435 1440 1446 6 
24] 1484] 1400] 1495 1500 1506 1511] 6 
25] 1650] 15566 | 1561] 1567 | 1572] 15786 
26] 1616] 1622} 1628} 1633 1639] 1644 6 
27] 1684] 1689 | 1695 | 1700 | 17c6F 1712] 6 
28 1751 | 1757 | 1762] 1768 1774] 1780| 6 
29] * 1828 | 1831 1837 | 1842] 1848| 6 
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2 The Minutes of each Degree. B 
; « 4 | . | - 
5 : S 
1 | zom, | 35m, | 40m. | 45m. | 5om, | 55m. 5 
4 = 4 3 1 1 £ 
ky Hy 2 
| > The Meridional Parts, | $ 
e 50] 551 5 
1 90 95 1co 105 110 1151 5 
2 150 155 160 165 170 1751 5 
3] 210 215 220 225 230 233 ©] 
4 270 275 280 285 290 295 5 
$1 $230] 3351 34 346 351 356] 5 
6 391 396 401 406 411 416, "> 
| 7] 451] 456] 461] 466] arr] 476] 5 
| 8 512 517 522, 527 3 
. — 593] 593] 5 
10 634] 639] 644] 649] 6554] 659] 5 
Il 5 00 705 710 715 720 5 
J . Jury 
13 818 823 828 833 838 843] 5 
„ erer 
115 942] 947] 952 1957] 962] 9685 
116] 1004] 1009] 1014] 1020 1025 1030 5 
112 1067 | 1072 10/7] 1082] 1088] 1cgz] 5 
18] 11301 1135] 1140 1146] nigr] 1156 5 
19 1193 1198 1204] 1209 1214] 1224] 5 
] — | —EUä rpm {| kö]3•U—ͥ—äääk— — . —K——— — — | —— — 
120 1257 1262] 1268] 1273] 1278] 1284] 5 
- J21] 1321] 1327] 2332] 1338] 1243] 1348] 5 
22} 2386] 1392] 1397| - 1402] 1408] 1413] 6 
123] 1451} 1457] 1462] 1468] 1473] 1479] 6 
| 244 1517 1522 i528] 1533] 1539 | 1544 6 
wa 5 
281 1533] 1589] 1594 1600] 1605] 1611 | 
126 1650] 1656] 1551 1667] 1672] 1678] 6 
| 27 1717] 1723 1729] 1734] 1749} 1746] 6 
28] 1785] 1791] 1797 | 1802] 1868} 18144 6 
| 29 18544 1860] 1865} 1871 1877 —_ 6 
Ut | 


310 A Table of Meridional Parts. 
— The Minutes of each Degree. 2 
7 —— 15 
% | om. | zm. | 10m, | 15m. zom. | 25m, S 
IN —_ 
5 
8 The Meridional Parts. 8 
30 1888] 1894 1900 1900 1912 1917 6 
31 1958] 1964 1970] 1976] 1981 1987 | 6 
132] 2028] 2034| 2040| 2046 | 2052 | 2058| 6 
33] 2100] 2105 2111] 2117] 2123] 212g] 6 
1341 2171 2177 | 2184 2190 | 2199 | 22026 
35] 2244] 2250 2257 2263] 2269] 2275| 6; 
136] 2318] 2324] 2330 2337 | 2343] 2349] 6 
1371 2393] 2399| 2405 2411| 2418] 2424 6 
38] 2468 2475 2481 2487 | 2494 | 2500| 6 
39] 2545] 2551] 2558] 2564] 2571] 25776 
40] 2623] 2629 2636| 2642] 2649| 2655 . 
141] 2702] 2708 2715 2722 2728] 2735] 7 
42| 2782] 2788 | 2795 2:02] 28:9| 28157 
143 2863] 2870] 2877 2884] 2891| 28977 
144} 2940] 2953 | 2960 2967 2974 2981] 7 
145 | z0zol 3037] 3044] 3051] 3058] 3065| 7 
446] 3116] 3123] 3130] 3137] 3144] 3152] 7 
| 47 3203 3210 3217 3225 3232 3240 8 
148] 3292] 3299] 3300} 3314] 3322} 3329 8 
149] 3352] 3390] 3397 | 3405 3413] 3420| 8 
— — — — — — 2ñ— mus þ 
500 3474] 3432] 3490] 3498] 3506] 3514| 8 
516 3509] 3577] 3585] 3593] 3601} 3609| 8 
152] 3665] 3673] 3681] 3690] 3698] 3706| 8 
531 3764] 3772| 3780] 3789} 3797 3806| 8 
54] 3865 3873] 3882] 3890] 3293] 39078 
55 3968 3977 | 3935 3994 | 4003 4012] 9 
56] 4074] 4083] 4092 4101 4110 41191 9 
57 4183 4192 4201 4210 4220 422919 
58 4294] 4304] 4313] 4323] 4332] 434210 
59 4409 4419] 4429] 4438] 4448] 445810 


| 


A Table of Meridional Parts. 


311 
- The Minutes of each Degree. | 
& | | | | 3 | 
Aid ad | 5 | 55m 
k zom. | 35m. | 4om. | 45m, | com. | 55 m5 
2 — | 7 
Ay | an we 
5 The Meridional Parts. | * } 
30 | 923) 1929} 2935 1941] 1946 1952 | 6 
31| 1993 1999 2005 2011] 20%] 2022 6 
32] 2064 2070 2076 2082 2088 2094 6 
331 2135] 2141] 2147 2153] 2159] 21656 6 
34] 2208] 2114] 2200 2226] 2232] 22380 6 
— — ä — — —»wᷣ — — | a 7 
| 35| 2281 2287 | 2293| 2299] 2306] 2312| 6 
361 2355 2361 | 2368| 2374| 2380 | 2386 6] 
37] 2430| 2437| 2443| 2449] 2456] 2462 6 
38] 25o06| 2513] 2519] 2526] 2532] 2538| 6 
39| 2584| 2590} 2597 2503] 2610] 2616 6 
| 40| 2662| 2569 2675 2682 | 2688 2695] 6 
41] 2742] 27486 2755] 2762} 2768] 2775 7 
[42 2822 | 2829 2836| 2843] 2849 28567 
| 43] 2904| 2911] 2918 2925 2932] 2939] 7, 
| 44| 2988 | 2995 | 3002] 300g| 3016] 3023 7 
— — — e — — — 
4 3073] 3o8ol 3087, 3094] 3101 3108 7 
46| 3159] 3166 3173] 3181] 3188 31950 7 
47] 3247] 3254| 3262) 3269 3277 3284| 8 
143] 3337] 3344; 3352| 3359] 3367] 3374] 8 
49 34238] 3436 3443] 3451] 3459 34678 
& 
% 3521] 38 3537] 3545] 3553 3561] 8] 
'51| 3617] 3625 3633] 3641] 3649] 3957] 8: 
152| 3714] 3722| 373i] 3739} 3747| 3755] $ 
153] 3814| 3822 3831] 3839] 3848| 3850] 3, 
54 3916 3928 3933] 3942 3951 | 3959] 8 
— | — I .—_a4 — 3 
55 | 4ozr| 4029 4038] 4047] 4056 40bs| 9 
56| 4128 4137 | 4146] 4155] 4164] 4173] 9 
7 4238| 4247 4257] 4266] 4275| 4285 9 
1580 4351] 43610 4370] 4380| 4390| 4399] 10 
59 4468] 4478] 4483] 4497 4507 4517110 
EE : Wo . ö FR 3 | 4 


A Table of Meridional Parts. 


— 


— — 


312 
— The Minutes of 3 
= s of each Degree. 
S — : : 
8 i 
& | om, | woos Ge. 
2 8 | | 9 58 | 10m. Im. 20m, | 25m » 
5 e — 
i The Meridional Parts. : 
(00 | 4527 2 — * 3 
„ 7% 4597) e e 5 10 
62 4070 4680 46 1 
477 4786 6 | 9 4701 1.10 
63 4905 4916 = — 4818 482911 
64| 5039 oo 3 4949 49650 11 
oe OE 5 5 5062 5074 5085 5097 12 
A 203 by r 
6] $334] $336 1 n 
3 5974] 5487| 5500] 551 $373] 53851 
69 o_ 5044 5658 - 5885 5339 13 
7 
Ha == — 15785 5837 3851] 5883 
72 6146 Rer. 
617 61 4 5 
72] 6335] 635 7 92] 6208] 6223 
(73] 6334 8257 6367 6384] 6400] 6417 106 
74 6746 1 „ —4 6586 | 6503] 662117 
wy ee 782 = = 6838 18 
9701 6 _— dee e e 
76 7210 — 7009 7 ˙ yog8\| 7068 20 
%% Ä 
74 7 7490 7 4 94 7315 21 
% % 7060] 7795 | our | 74s 7396 23 
ee ee ee inns ee Bipg 
80] £375] 8 — — 
| 5 404 | 84 8 8 
= 8739 | 8771 330; 8403 0492 8522 30 
2 9145 9182 3 869 8903 33 
83] g606| bez, g63g 9292| 9330| 37 
e Enxmac] Bb tan 9731] 9774] 9917 | 43 
Tg ns 34 | 10283] 10334 | 10385 51 
185 10765 | 1082 | — 
Fo 19333 11653 hes 1 629 
| 7| 12522 12619 12 755] 1832 1191177 
88 1391 719 12821] 129271 
99 . _— 142160 14376 14543 — 109 
q ) 6 
1 2 9 17289 17695 18153 | 


- 
* — 


3 | 
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E EN | 
| - The Minutes of each Degree. 3 
© | ö 8 
09 & 
30m. | 35m. | 40m. | 45m. | gom. | 55m. | & 
2 a | a 
3 | 18 
£5 — yo 
SB The Meridional Parts. 8 
60 4588] 4598] 4608) 4618] 4629 463910 
61] 4712] 4722] 4733] 4743] 4754] 4764|10 
62 4839] 4830 4861} 4872] . 4883 | 489411 | 
63| 4972 4983 4984] goog 5017] 502811 
64 5108] 5120 5132 5143] 5155] 3167 wn 
65] $5250 5263 5275] 5287 5299] 51111: 
66 $5398] 5411] $423] 5435] $449] 5465113 
167 $552] 5565] 5578] 5591] 5604] 561713 
138] 5712] 5725 5739] 5753] $767] 57814 
1&9 5879] 5394] 5908] 5922] 5937] 5951 [14]. 
|70| 5055] 6070] 6085] 6100 61156 613015 
71 6239] 6255 6271 6287 6303 6319 16| 
172 6433] 6450 6467| 6483] 6500] 651717 
73] 6639] 66560] 6674] CEbgz| 67170 672818 | 
[74 6856 6875 | 6894 14 6932 695119 
1751 7088] 7108 7128 | 7149 7169 7189 20 
176] 7336] 7268 7379 7401] 7423] 74422 
[77] 7603] 7626] 76590} 7673] 7697| 7721|24 
178] 7892 79i7| 7942 7968| 7994] 8020 26 
79| 8207 | 8234] 8262 8290] 8318] $8347 | 28 
| 90 8952] 8583 | 8614 | 38644] 8676] 8707| 31 
81] 8936] 8970| goog| 5039] 9974] Yyiio| 36 | 
— 9363 | 9407 9446 9485] 9525] 956540 
83 g861] 9906 59571 9995 10043] 1008946 
84 | 10437] 10489 10543 | 10597] 10652 1070855 
185 ae 11192 | 1125711324] 11392] 1146263 
186] 11992] 12075 | 12150 | 12247 12336] 12428| 89 
87 | 13149] 13266| 13387 | 13512} 13641] 137764 © 
88 | 14906] 15102] 15311 | 15533] 15770] 16025 | 
89 | 18683 19309 | 20076 | 21065 | 22459] 24842] 
a _ 


A Table of Proportional Parts. 


— 


$14 
| 
D.] 1] 2] 30 4 
1 
$1323] 4 
| 6| 1] 2 3| 5 
7] 1] 3] 4 6 
3 
8] 2] 3 s] 6| 
| 9] 2] 4] 5] 7 
10 2 4 6 8 
110 2 479 
1120 20 5| 70 
13] 3| 5 810 
144 3| 6| 811} 
115 3] 6 912 
16] 3 610113 
17 3 70014 
18] 4 7114 
19] 4 8011015 
120 4 811216 
[21] 4 8073017 
22] 4 9113/18 
$23] 5| 911411 
Ed Sal 


— 


PPT] FT PTS 


( 315 ) 


| A TABLE of LOGARITHMS 
For Numbers increaſing in their Natural Order, | 
from an Unit to 10,000. 
With a Table of Artificial Sings, TAN ENTS, 2 
SECANTS, the Rabius 10,000000 and to every 
Degree and Minute of the Quadrant. | 
W cm 2 
* Logar. | N. Logar. N. Logar. 
1 |0.000000 34 11531479 67 [1.826075 
2 o. 30 1030 35 1.544068 68 1.832509 
3 0. 477121 30 1.556302 69 1.838849 
4 [0.602060 37 1.568202 70 [1.845098 
5 [0.698970 38 1.579784 71 [1.851258 
6 [0.778151 39 1.591065 72 [1.857332 
7 [0.845098 40 [1.602060 73 1.863323 
| 8 [0.90309c 41 1.612784 74 [1.869232 
9 0.954242 42 1.623249 75 1.875061 
10 [1.000002 43 1.533468 76 1.88081 
11 1.041393 44643453 77 1.88549 
12 [1.079181] | 45 1.653212 78 1.892094 
13 [1.113943 46 1.662758 79 1.897627 
14 [1.146128 47 |1 672098 82 [1.903090 
15 1176091 48 1.68 124 81 1.908485 
16 120420 49 1.690 196 82 11 9138144 
17 1.230449 50 1.698970 83 | 91907 
18 [1.255272] 5l [1.707570 84 [1.92427 
19 [1.278754 | 52 |1 716003 85 [1.929419 
20 1. 301030 53 1.724276 80 [1.934498 
211322219 54 [1.732394 87 1.939519 
22 1.342423 55 1740363 88 |1 944483 
23 1.361728 56 [1.748188 89 1.94939 
| 24 1.380211 57755875 | 90 1.954242 
25 1.397940 58 [1.763428 91 [1.959041] 
25 \1-414973 52. 1.770852 | 92 963788] 
27 1.431364 60 [1.778151 93 [1.968483 
28 [1.447158 61 1.785 330 94 1.973128 
29 1.462398 62 [1.792392 95 11-977724| 
30 [1.477121 63 1.799340 g6 . 
31 1.491362 64 [1.806180 97 1.986772 
32 1.505 15 65 [1.812913 98 991226 
33 PINT 66 PIR 99 1.995635 


1 


r 


ih. 


{3 


16) 


A Table of Lobes. | 


1111 
1112 


FREY 


No 


100 
101 
102 
103 
104 
10 

— 
107 
108 


109 


110 


113 
114; 
115. 


] 116 


117 
118 


119 
120 


— — — 


1 121 


122 
123 
124 
125 
126 
127 
128 


129 
130 


131 


132 
133 
134 
135 
135 
137 
138 
139 
140 
141 
142 


0 


2.004321 
2.008600 
2.012837 
2 017033 
2.021189 
2.025306 
2.029384 
2,033424 
2.037426 


2.041393 


2645333 


2.049218 
2.05 3078 
2.05 6905 
2 060698 
2.064458 
2.068 186 
2.071882 
2.075547 
2.079181 
2.082785 
2.086360 
2.89905 
2093422 
2.056910 
2. 100370 
2.103804 
2.107210 
2. 110590 
2.113943 
2.117271 
2.120574 
2.123852 
2.127105 
2.130334 
2.133539 
2.136721 
2-139879 
2-143015 
2.146128 
2.149219 
2.152285 


2.000000 


I 


— QU 


2.000434 

2.004751 
2.009926 
2.013256 
2.017451 
2.021603 
2.025715 
2.029789 
2.033820 
2.037825 


2.041787 


rag 


2.049606 
2.053463 
2.057 286 
2.06 1075 
2.064832 
2.068557 
2.072250 
2.075912 
2.079543 
2,083144 
2.086710 
2.090258 
£.C93773 
2 007257 
2.100715 
2.104145 
2.107549 
2.110926 
2.114277 
2.117603 
2,120903 
2.124178 
2.127429 
2.13065 5 
2.133858 


2.137037 


2.140194 
2.143327 


2.146438 
2.149527 
2.152594 

| 


- 2.000868 
2.005180|2 
2.009451 
2.013680 

2.017868 
2.022016 
2.026124 


2.030195 
2.034227 
2.038221 
2 042182 
2.046105 
2.049993 
2.053846 
2.057666 
2.001452 
2,065 206 
2.008928 
2.07 2617 
2076276 
2.079994 
2.083503 
2.087071 
2.090611 
2.094122 
2.097604 
2.101059 
2. 104487 
2.107888 
2.111262 


2.114611 


2.117934 
2.121231 
2.124504 
2 127752 
2.130977 
2.134177 
2.137354 
2.140508 
2.143639 
2.146748 
2.149835 


— 


* 


2 


3 


2.001301 

905 609 
2 255878 
2.014100 
2 018284 
2.022428 
2.026533 
2.030600 
2.034628 


2.038620 
1 


2.046495 
2.050380 
2.05 4230 
2.058046 
2.061829 
2.065 5 80 
2.069 298 
2.072985 
2.076640 
2.085266 
2.083861 
2.087426 
2.090963 
2.09447 | 
2.097951 
2.101403 
2.104528 
2.108227 
2.111598 


2.114914 
2.118265 


2.121560 
2.124830 
2.128076 
2.131298 
2.134490 
2.137070 
2.140822 


2143951 


2.147058 
2.150142 
2 153205 


2.042575 


4 [Dif 
2.001734 
2.000038 
2.010300 
2.014520 
2.018700 
2.022841 
2.026942 | 
2.031004 
2.035029 
2.039017 | 

2.042969 
2.040885 
2.050766 
2.054613 
2.058420 
2.0622c6 


2.005953 
2.069668 


2.073352 
2.077004 
2.080626 
2.084219 
2.087781 
2.091315 
2.0,4320 
2.098297 


2.101747 
2.105169 


2.108565 
2.111934 
2.115278 
2.118595 


3 
212299 
2 131619 
2.134814 
2.137987 
2.141136 
2 144203 
2.147367 
2.159449 | 
. 153510, 


| 


2.121888 


* 


— 


„ 


oO ES 


* 


from 1 to looo 


# 


2.095169 


5 


2.002166 
2.006466 


2.010724 


2,014940 
2 0191.16 


2.023252 
2.027350 
2.031408 
2.035430 
2.039414 
2.043362 
2.047275 
2.051152 
2.054990 
2.058805 
2.062582 
2.066325 
2.070038 
2.073718 
2.077368 
2.080987 
2.084576 
2.088136 
2.091667 


2.098644 
2.1020g0 
2.105510 
2. 108903 
2.112270 
2.115510 
2.118926 


2.122210 
2.125481 
2.128722 


2.131939 
2.135133 
2. 138303 
2.141450 
2.144574 
2.147676 
2.150756 
2.153815 


2.027757 


6 


2.006894 
2.011147 
2.015 360 


2.019532 
2.023664 


2.031812 
2.035830 
2.039811 


2.043755 
2.047664 
2.051538 
wet; 
2.059185 
cola 
2.066699 
2.070407 
2.07408 5 
2.07773) 
2.081347 
2.084934 
2.088490 
2 092018 
2.095518 
2 098590 
2.102434 
2.05851 
2.109241 
2.112605 


2.115943 
2.119256 
2.122543 
2.125800 
2.125045 
2.132200 
2.138481 
2.138618 
2.141763 
2.144*85 
2.147985 
2. 15 063 


2.002598 


* 
2 003029 
2.057 321 
2.011570 


2,01 5779 
2.019947 


2,024075 
2.028104. 


2,032216 
2.036229 
2. 40207 
2.044148 
2 048053 
2.051924 
2.055760 
2.059503 
2.003333 
2.067071 
2.070776 
2.074451 
| 2.078094 
| 2.081707 
2.085291 
2.088845 
2.992370 
2.095866 
2.099335 


2.102777 
2.106191 


2.109578 
2.112940 
2,116276 
2 119586 


2.122871 
2.126131 
2.129368 
2.132580 
2.135768 
2.135974 
2.142076 
2.145196 
2.148294 
2.151370 


2.154119 
| 


—— 


2154424 


8 


2.003467 
2,007748 
2.011953 
2.010198 
2.020301 
2.024486 
2.028571 
2.032019 
2.035629 
2.040602 
2.044540 
2.048442 
2.052309 
2.056142 
2559995 
2.003709 
2.067443 
2.071145 
2.074816 
2.078457 
2.08 2067 
2.085647 
2.089198 
2.092721 
2 096215 
2.099681 
2. 103119 
2 106531 
2109916 
2.113275 
2 116608 
2.119915 
2.123198 
2.126456 
2. 129590 
2. 132900 
2.126085 
2.139249 
2 142339 
2.145507 
2.144603 
2.151676 
2.154728 


; 


(317). 


9 


2.003891 
2.008174 
2.012415 
2.016615 
2.020775 


2.024896] 


2.029678 
2.033021 
2.037028 


Dif 


2.040998 


2.044931 
2.0488 30 
2052694 
2.056524 


2.060320 


2.064083 


2.057814 


2.07151 


2.082420 


2.086004 
2.089552 
2.09307 1 
2.096562 


2.000027 


2.103462 


2.106870 


2.110253 


2.120245 
2.123525 
2.129781 
2.130012 
2.133219 
2.136403 
2 139504 
2.142702 


2.145818 


2.148911 
2.151982 


2.155032 


4 
2 075182] 3 
2.07881 


2.113609 
2. 116940 


| 


4 


2 


V 8 


| 
| 
\ 


[c 318 ) 


from 1 to 10000. 


F- * 


Ne 


2.187521 
299222 


3] 2.262451 


O 


2.155330 
2.158362 
2.161368 
2.164353 
2 167317 
2.170262 


2.173186 
2.176091 
2, 178977 
2.181844 


2.184691 


2.193125 
2.195900 
2 198657 
2.201397 
2.204120 
2.200826 
2.209515 
2.212188 


2.214844 


2.217484 
2.220108 


2.222716 
2.225 309 
2, 227887 
2.230449 
2.232996 
2.235528 
2.238046 
2.240549 
2 243938 
2.245513 
2.247973 
2.250420 
2.252853 
2.255272 


2.257679 
2.260071 


2.204818 
LT 


of 


2.155640 
2.158664 
2.101667 
2.164650 
2.167613 
2.170555 
2.173478 
2.176381 
2.179264 
2.182129 


2.184975 
2.187803 


2.190012 
2.193493 
2.196176 
2.198932 
2. 201670 
2.204391 
2. 207095 
2.209783 


2.212454 


2. 215 109 
2217747 
2.220370 
2,222976 
2.225508 
2.228144 
2.230704 
2.233250 
2.235781 
2.238297 


2.240799 
2.243286 
2.245759 
2.248219 
2.250664 
2.253096 
253514 
2.257918 
2.260310 
2.262688 
2.265054 
2.267 406 


2 

2.155943 
2.158965 
2.101967 
2.164947 
2.167908 
2.170848 
2.173708 
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2.241048 
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2.218273 
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2.165541 
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2.203577 
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2 240050 
2.242541 
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2.247432 
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2.254790 
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2 192846 
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2.252610 
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2.285857 
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2.307496 
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2.322219 
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2.296884 
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2.324899 
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2-341039 
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2.275081 
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2.279067 
2.281942 
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2.288696 
2.290925 
2.293141 
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2.394059 
2.306210 
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2.312600 
2.314710 
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2.323046 
2.325105 
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2.331225 
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2.341237 
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2.345178 
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2.270079. 
2.273001 
12.275311 
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2.279895 
2,282 169 
2.284431 
2.28668 1 
2.288920 
2.291147 
2.293362 
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2.306425 
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2.310693 
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2.317018 
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2.321184 
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2.337459 
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2,341434 
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2.350981 
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2.280123 
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2.304490 
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2.313023 
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2.321391 
2.323458 
2.325516 
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2.329601 
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2.337059 
2.339050 
2.341032 
2.343005 
2.345570 
2.347525 
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2.351410 
2.353339 
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2.27 3404 
2.275772 
2.278067 
2.280351 
2.282622 
2.284882 
2.287130 
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2.29159! 
2.293804 
2.296007 
2.298198 
2,300378 
2.302547 
2.304706 
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2.311118 
2,313234 
2.315340 
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2.319522 
2.321598 
2.323664 
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2. 329804 
2.331832 
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2.335859 
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2.339849 
2.341830 
2.243802 
2.345706 
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2.353532 
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2.273696 
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2.280578 
2.282849 
2.285107 
2.287354 
2 289589 
2.291813 
2.294025 
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2.298416 
2.309595 
2.302764 
2.304921 
| 2.307068 
2.309204 
2.311330 
2.313445 
2.315550 
2.317645 
2.319730 
2.321805 
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2.332034 
2.334051 
2.336059 
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2.287579 
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2.307282 
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2.313656 
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2.319938 
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2.320131 
2.328176 
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2.336259 
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2.340157 
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2.350054 
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2.423246 
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2. 428459 
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2.367915 
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2.371622 
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3914⁰4 
2.39322 
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2.413802 
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* 433737; 
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1 
2.300593 
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2.366423 
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2.370143 
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2.379395 
2.381115 


2.382917 
2.384717 
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2.424064 
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2.381296 
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2.384891 
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2.390228 
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2.393751 
2.395501 
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2.409711 
2.402433 
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2.409257 
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2.414305 
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2.331470 
2.383277 
2.385070 
2.380855 
2.388034 
2.390405 
2.392169 
2.393926 
| 2.395070 
2.397418 
2.399154 
2.400883 
2.402605 
2.404320 
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2.407731 
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2.411114 
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2.414472 
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2.417804 
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2.363236 
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2.372544 
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2.376312 
2.378034 
2.379849 
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2.383456 
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2.387034 
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2.390582 
2.392345 
2.394101 
2.395850 
2.397592 
2.399327 
2.401056 
2.401777 
2.404492 
2.406199 
2.407900 
2.493595 
2.411283 
2. 14039 
2.416308 


2.417970 
2.419625 
2.421275 
2 422918 
2.424555 
2.420156 
2.427311 
2429429 
2.431942 
2.432649 
| 2.43424) 


* 


92 —— 
2.301539 
2.303424 
2.365301 
2.367169 
2.369030 
2.370883 
2.372728 
2.374565 


2.376394 
2.378216 


2. 380030 
2.381837 
2.383636 
2.38542) 
2.387212 
2.388989 
2.390758 
2.392521 
2.394270 
2.336025 
2.397760 
2.399501 
2.401228 
2.492949 
2.404603 
2.406370 
2.458070 
2. 409764 
2.411451 
2.413132 
2.414806 
2.416474 
2418135 
2.419791 
2.421439 
2 423082 
2 424718 
2.426349 
2427973 
2.429591 
2.431203 
2-432809 


Dif } 
189 
188 
188 
187 
186 
185 
184 
184 
183 
182 
181 
181 
180 
179 
178}. 
178 
177 
176 
176 
175 
174 
173 
173 
172 
171 
171 
170 
— 
= 

163 
107 
167 
166] 
165 
165 
164 
16 
162 
162 
16- 
161 
160 
160 


—— 


2 434409 | 


X 2 


— 


„(( 


— 2 


_—_ TT ad 


* a 


* 


( 324 ) 


A Table of Logarithms, 


| 272 
273 
274 
275 
276 
277 
278 
/ 279 
280 
281 
"282 
283 
284 
28 
| 286 
287 
288 
289 
290 
291 
292 
293 
5 294 
299 
296 
297 
298 
300 
507 
302 
| 30J 


304 
305 
: 306 
| + 04 i 
308 


N2 | 


113 
314 


— OO EET 


309 
310 
— 


12 2.494155 


O 


2 434409 
2:4;0163 
2 437751 
2.439333 
2 4{0g09 
2.442480 
2.444045 
2.445004 
2.4471 58 
2.448706 
2.450249 
2.451786 
2.453318 


5 | 2454845 


2 456 662 
2.457882 
2.459392] 
2.400898 
2.402398 
2.463893 


2-405 38, 


2.466868 
2,408347 
2.469822 
2.474792 
2.472750 
2 474216] 
2.47 3071 

2.47712 
2.478565 
2.480007 
2.481443 
2:482874| 
2.484302 
2.48572) 
2 487138 
2.488551 
2.489958 
2.491362 2 
2.492760 


2.495544 


2.496930 | 


2.444201 


2.447313 
2.448861 


2451940 
2.453471 
2.454997 | 

2.456518 
2.458033 
2.459543 
2.461048 
2.402548 
2 454042 
2.465532 
2.467016 
2478495 


2 471438 
2472903 
2.474362 
2. 475816 

2.477266 
>a 478411 
2.480151 
2.471886 
2 483016 
2484442 
2 486863 
2.487280 
2 488692 | 
2.490099 


2 492900 
[2.494294 


2.497 068 


2.445760] 


2.450403 


2. 469909 


2.491502 


2 495683 


ba 450557 
2.452093 
2.453624 
2.455149 
2.450670 
2.458184 
2.459094 
2.461156 
2.462697 
2.464.191 
2.465680 


2.467164 


2.470116 
2.471585 
2473749 
2. 74508 
A 475952 
2.477411 


2.478855 
2.480294 


2481729 


2.483159 
2.484584 
2 480005 
2.487421 
2.488833 
2.499239 
2.491642 
2 493040 
2-494433 
2.495822 
2.497 200 


4 
2.435048 
2.436640 


2.450711 
2.452247 
2.453777 
2.455302 
2.450821 
2.458336| 
2.459845 
2.401348 

2.462847 
2 404340 
2 465829 
2.407312 
2.463790 
2 470263 
2.471732 
2.473195 
2.474653 
2 476107 
2.477555 


2 478999 | 


ww 60 
2481872 


2.483302 


2.484827 


2.486147 2. 


2.487563 
2.488973 
2. 480380 
2 491782 
2493176 
2.494572 
2.495600 


2.497344 


Co 
2.435207 
2.430768 
2.435384 
2.439964 
2.441538 
2.443406 
2.444669 
2.446226 


2.450865 
2.45 2400 
27453950 
2 455454 
2.450973 
2.458487 
2.459995 
2 461498 
2.462997 
2.46449 


2.407460 
2 468938 
2.470410 
2.471878 
| 2.473341 

2.474799 
99 

2.477700 
2.479143 
2.480182 


2 490520 
2.491922 
2 493319 
2 494711 
2. 456099 
2.497482 


2465775 | 
2-449324 | 154 


2 465977] 149 


% 


— 


from 1 to 10000. 


( 325.) 


ht ae 


5 


F" VS RIOT I Ss. 


2,435 300 
2.430957 


2.438542 
| 2.440122 


12.441695 


4537. 
2. 2 

. 
2.447933 
2.449478 
2.451018 
2 452553 
2.454082 


2.455606 


2.4571 18 
2.45803 

2.460146 
2.461649, 
2.463140 
2.464639 
2,4661 26 


2,4676508 


2 469085 


2.47055) 
62.472025 
2.473487 


2 474944 
2,470397 
2.4 77 44, 


2.479287 
12-4807 25) 
25482159 


2.483587 
2.485011 
2.486430 
2.487845 
2.489255 


ö 5 
42.492062 
2.495458 
42 494850 
2,4906239 


* 


4 
S 4 
g | 


2435520, 
2.4371 16 


2.441852 
2.443419 
2.444981 
2.446537 
2.448088 
2.449033 
2,441172 
2345 2706 
2 454235 
254 57758 
2.457270 
2.558789 
2.460296 
2.461799 
2,403290 
2.404787 
2.466274 
2.407750 
2 409233 
2.470704 
2.472171 
2.473633 
2.475090 
2.470542 
2.477989 
247941 

2.480869 

2.482302 


2 483730 
2.485153 
2486572 
2 487986 
2 489396 
2 490801 
2.492201 


2.493597 
2,496376 


ds 


2 4949892. 


1 
2, 435085 
2.437275 
2.438859 


2 449279 42-4404 37: 


2 44 009. 
2.443570 
2445137. 
2,4400902 
2. 448242 
2.440787 
2.454320 
2.452859 
2.454387 
2,4559110 
2.457428 
2.458940 
2400447 
2.461948 
2 463445; 
2.404930 
2.400423 
2,407904 
2.469380 
2.470851 
2.472317 
2.473779 
23475235 

2476687 
2.478133 

2.479575 

2.481012 

2 482445 

2,453872 

2.455295 

2.486714 
2.488127 

2.489537 
2,430.34 1, 
2.492341 


2 497759 
| 


2.493870 


8 


435844 


2.457433 
2439017 
2440594 
2.442100, 
24443732 
2.445293 
2 440848. 
2 448 97; 
2 449941 
24451479 
2 453012 
2.454540 
2,450002 
2 457579 
2.459g0gr 
2,400597 
2 462098 
2.403594 
2 465085 
2,4606671 
2 40805 2 
2, 469527 
| 2.470998 
2.472424 
23473925; 
2.475381 
2.476832 
2.478278 
23479719 
2 481156 
2 482588 


2.484015 
2.485437 
2.480855 
2.488209 
2.489677 
2.491081. 
2.49248 15 


2.495 267 
2.49665 3 


— a 


2.430093; 
2.43759 
2.439175 
2.44075 f 
2.442323 
2.443888 
2.445448 
2.447003 
2.448552 
2 450995 
2.451033 
2.453105 


9 Dit 


158 


774 


2.454092 
2.450214 
2.457730 
2.459249 
2.400747 
2.462248 
2.403744 
2.405234 
2,400719 
2.405200 
2.409075 
2.471145 
2.472610 
2.474070 
2.475526 
2.470976 
2.478422 
2.479863 
2.481299 
2.482731 
2.484157 
2,435579 
2.480997 
2.488410 
2.489818 
2,491222 
2 492021 
2-494015 
2.495406 
2.490791 
2 498173 


2.498035 


152 


— — 


155 
159 
158 


157 
157 
156 
155 
155 
154 


153 
153 


152 
151 
151 
150 
150 


149 


14 

148 
147 
147 
146 
146 
146 
145 
145 
144 
14 

145 
143 
142 
142 
141 
141 
140 
140 
139 
139 
139 
138 


ail. 


— 


— 
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A Table of Logarithms, 


6 


No 


O 


2.493311 
2.499687 
2.501059 
2.502427 
24593791 
2,505150 
2 5065 05 
2. 507856 
2.509202 


2.580545 


2.511883 
2.513218 


12.514848 


2.515874 
2.517196 
2.518514 
2.519828 
2,521138 
2.522444 
2.523746 
2 525045 
2.520339 
2.527630 
2.528917 
2.5 30200 
2.531479 
2.532754 
2.5 34026 
2535294 
2.5 365 58 
2.5378 19 
2.839070 
254429 
2.541379 
2.542825 
2.544065 
2.545307 
2.546543 
2.547775 
2 549003 
2.5 50228 
2.581430 
2 552668 


We 
2.498448 
2.4998 24 
2.501196 
2.502564 
2.503927 
2.505 286 
2. 506640 
2.507991 
2.309337 
2.510079 
2.512017 
2.513351 
2.514680 
2,516006 
2.517328 
2.518645 
2.519959 
2.521269 
3.532575 
2.523876 
2.525174 
2, 526408 
2.527759 
2.529045 
2.530328 
2.531607 
2.532832 
2,5334153 
2,5335421 
2,5 30685 
225337945 
2,539202 


2,340455 
2,5341704 
2,342950 
2544192 
2545431 
2,5 45666 
2,547 898 
2, 549126 
2.550351 
2.551572 
2.552790 


2 | 
2,4987 8 
2, 499962 


2501333 
2, 502700 


2, 504063 


2, 505 421 
2306775 
2,5081 25 
2,509471 
2,5 10813 
2,5121860 
2.513484 
2514813 
2,5 16139 
2,51746⁰ 
25518777 
2,5 21400 
2,5 22705 
2.5 24006 
25525304 
2, 526598 
2,527888 
25529174 
2,5 30456 
25531734 
2.533009 
2,5 34280 
2,5395746 
2,5368 11 
2, 5 3807 
2.539327 
2,540580 
2,541829 
2,5343074 
2,544316 
2.545554 
2.546789 
2.548021 
2.549249 
2.550473 
2.551694 
2.552911 


"Us; 
23498724 * 
2500100 
2,501470 ; 
2,502837 
2,594199 
2505557 
2, 5069 11 
2, 508260 
2, 509606 
2,510947 
2,512284 
2,5113617 
2,5 14940 
2,5 16271 
2517592 
2, 518909 
2,5 20221 
2,5 215 30 
2,522835 
2,524136 
2,5325433 
2.520727 
2,528016 
2,529302 
2,530584 
2,531862 
2,533130 
2.534407 
553574 
2,5393 
2,538197 
2.539452 
25540705 
2,5419753 
25543199 
25544440 
2,5456578 
2, 540913 
2,548144 
2.549371 


2.550595 
2.551816 


+ 


2,498802| 138 
2,500236 


2.501607 


2,505 


2.502973 
2504335 


3 


2,507046 


2,508395 


132935 | 


2,509740]. 
2,8511081 


25512417 
2,5 137 50 
2,5150979 
2.516403 
25517724 
2,5 19040 
2,520352 
2,521061 
2,522966 
2,524266 
2525503 
2,5 268 56 
2,528145 
25529430 
2,5 307 12 
2, 531989 
2,533203 
24534534 
2,5 35800 
2,5 37063 
2,538322 
2.539578 
2,5 40830 
2, 42078 
2.543523 
2,544504 
2.545802 
2.547036 
2,548206 
2,549494 
2550717 
2.551938 
Ss 


* 


mY 


* dp 


_ 


from 1 to 10000. ( 327) | 

6 Hs | ; 
[SS 1] 83 a 
15]2 498999] 2-4991 37 [2,49927 5|2.4994122.499550| 138 
2. 5003742. 5005 112. 500648 2.500785 2. 500922137 
2.50 1744/2. 5018802. 5020172 5021542502290 137 
2. 5031092. 5032462. 5033842 5035182. 503654 130 
2.50447 12.504600 |2:59474 2 5048782. 505 136 
2. 5058282. 509963 [2.506099|2 5062342. 509370 136 
2. 507 1812, 5073162 50745112,507586[2.507721| 135 
2.5085 30 2.508604 2,5087992 508933 2.509068 135 
2, 5098742, 5 10008 | 2.5 10143 2.5 10277 2.510410 134 
3244.811215 2.511248|2-511482 2.511626]2 511750 134] 
2.512551|2,512084|2.512818|2,512951 2.573084 133 
2.513883 2,5140162 5141402 514282[2.514415| 133 
2.515211]2 $15344|2-515476|2.515609|2.515741) 133 
2.516535 |2,516008| 2,516800] 2, 5 10932 2.5 17064 132 
2.5178552.5179 872.5181192 51825102.518382 132 
2.519171]2-519308} 2.519434þ2-51956512.519097] 132 
2,520483|2+520614|2,529745|2,520876|2.521007] 131 
252179202 521922|2.522053|2-522183]2.522314| 131 
2 523096 2, 5222602 523350[24523486 2.52361 130 
2.5 243962. 245 262.5 2405602 524785 [2.5 24915 130 | 
335 2:-525092[2.c25822]2,5259F112,520981 ?,520210J 12g | 
2.526985 |2.527144|2,527243]3-527372 [2.527501] 129 
2 $28274|2 528402|2-52*531]2,528060 |2:528588] 129 
2,5295 592.5290872. 5298152529943 [2.530072] 128 
2.5 30840 2.5 30968 2.5 310952531223 2.531351 128 
2.53211712,532245| 2.532372 2.532500 2.5 32627] 128 
2.53339 ˙42.83351802,5336452˙5 337722533899 127 
2.534001 2577 25349142 535041 2.535107 127 
2,5 35927 2.55605 2.5 361792 536306 2.536432 126 
12 537892 5373150ʃ2.53 7441/2537807 2.537693 126 
2·5384492.538 742.5380992 548825 2.538951 126 
| 340[2.539703 }2-539829| 2 3924/2 530079 2.530204] 125, 
| 347|2.540955|2.541080| 2, 5412054 2.541330 2.541454 125 | | 
348]2.542203|2 5427227 2.54245212.542570\ 2,542701] 125 
3492.543472 543571] 2.343996j2.5439820]2+-543944] 124 | 
35<[2.544688|2 544312] 2 5449301]2.545090| 2.545183 124 g 
3502 545925 540049] 2.34617212.540296| 2.540419 124 
29547159] 2-547282] 2,54740512-547529]2+547052] 123 
| 353]z2 5483%9|2.548512| 2.54803512.548753|2-548881] 123 
3542.540616 2.5497 39 2.549861]2.549384 | 2-550106| 123 
3552.5 508402, 5 50962 2.551084 [2.551206|2 551325] 122 | 
a 350 2. 55205912 552181 2,5523034J2.552425 2.55254" 122 : | 
| 35712-553276|2 533357|2-553519 55959 2.553702] 121 | 


X 4 


oy, 2 = wo 3 > i. > oo A [/v ON CON © 
ov 
* 
ty 


| 


* 
- 


* 


17 
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A Table of f Logarithms, 


2.553883 


2.555094 
2.5 56302 


12-.557597 


2.558709 
2,5 59907 
2 501101] 
2.562203 
2.563481 
2.564666 
2.505848 
2.597026 
2.568202 
2.569374 
2.570543 
2. 571709 
5.57272 
2.5740 


57717 
2.579784 

2.580925 
2.582063 
2.583199 
2.584331 
2.585461 
2.580587 
2.587711 
2.588832 


2. — 89950] 


2 591065 
2. 592177 
2.593280 
2.594392 
2.596496 
2.596597 
2.597695 
2.598799] 2 
2 599853 
2.60097. 

2.602060 


o | 


2.554004 
2.555215 
2.556423 
2.557027 
2.558828 
2.500026 
2.561221 
2.562412 
2.563600 
2.564784 
2.505960 
2.567144 
2.568319 
2,5669491 
2.570660 
2.571825 
2.572988 


1142.574147 
2.575188 
7 (54579341 
2 577492 


2.575303 
2.570456 
2.57700) 
2578754 
2.579898 


2.581039 


2.582177 
2.583312 


2.584444 


2, 85573 
2,5 80700 
2.587823 
2,5 88944 
2,5 90001 
2,5911706 
2,592288 
2.593397 
25594503 
2, 59606 
2, 59570 
2,5978005 

2, 598900 
2.599992 
2.601082 
2.002168 


2 
2,554126 
2,535330 
2,5565544 

2.557748 
2,3558948 
2,5 60146 
2,5661340 
2,5625 3 I 
2,5637 1 5 
2,504903 
2,506084 
2.567262 
2,568436 
2,569608 
2,570770 
2,571942 
2,573104 
2574203 
2575419 
2.570572 


2,5877721 


2,578868 
2,5 80012 
2,5811583 
2,5822911 
2.583425 
2,5845 57 
2,5865680 


2,5868122 


2,587935 
2, 589055 
2.850173 
2,591287 
2,5392399 
2,593508 
2,594013 
2.595717] 2 
2.596817 
2.597914 
2.599009 
2.600101 
2.601190 
2.602277 


| 


2554247 
2.554457 
2,5 50604 
2,5 57868 
2,5 59008 
2, 500265 
2.561459 

2,5 62650 
2.563837 
2,6656021 
2,5606202 
2,567 379 
2,5085 54 
2,8569725 


25,5 70893 
2,57 2058 


2, 573220 
2,.5743/9 
2,5758534 
2,5706687 


2,5727836 


2.578983 
2,5 80120 
2,58 1267 
2,5 82404 
2,583 539 


584570 |2 | 


[2-585799 

586925 
2, 588047 
2,5 89167 
2. 500284 


2,5913982 
2,5925 10 
2,5936018 
2,594724 
2,595827 
2, 596927 
2,598024 
2 599119 
2.600210 
2.601299 
2,602380 


1 


| 


4 


2,554308 3 
2,5 55578 
2.556785 
2.557988 


2,559188 


2,5 60385 
2,361578 ö 
2, 562768 
2,5639355 
2505139 
2,506320| 
2,507497 

2,56867 1 
2.569842! 

2,57 1010 
2,572174 
2,573330 
23574494 
2:575050 
2,576802 
2,5377951 
2,579097 
2,5 80240 
2,581381 
2582518 
2,583052 

2,584783] 
2585912 
25387037 
2,488 150 ; 
2, 589279 
2.500396 

2,591010, 
2,592621 
2.5937 29 
2, 594834 
2.595937 
2.597037 
2,598124 
2, 599228 
2, 600319 
2.601408 


6 


2. * 


he ati. 


from 1 to 10000. 


5 
2.554489 
2.555099 
2.556905 
2,558108 
2 $59 308 
2.560504 
2.561697 
2.562887 
2.564074 


367 2.505257 


2.500437 
2.567614 
2.568788 
2.569959 
12.571126 
2.572291 
2.573452 
2.574610 
2.575765 
2.576917 


8 2.578066 


2 579212 
2.580355 
2. 581495 


12.582031 


2.583765 
2.584896 
2 

2.587149 
2.588272 
2.589391 


2.690507 


2.591621 
2.592732 
2. 593840 
2.594945 
2.596047 
2.59714. 
2.598243 
2.599337 
2.500428 
2.501517 
2. 502602 


— — 


＋ * 


2.554610 


2.555820 
2.557020 
2.5 8228 
2.559428 
2.560624 
2.501817 
2.563co6 


2.564192 
2.305375 


2.506555 
2.507732 
2. 508905 
2.570076 
2.571243 
3.572007 
2.573568 
2.574726 
2.575880 
2.577032 


2.578181 


2.579326 
2.5 80469 
2.581608 
2.582745 
2.583879 
2 585009 
2.586137 
2. 587202, 
2. 588384 
2.589503 


2.590619 


2.591732 
2.592843 
2.593950 
2.595055 
2.596157 
2.597250 
2.599353 
2.599440 
2.600537 
2.601625 
2.602711 


2 


—— — ¾ 


2.554731 
23555940 
2.557140 
2.558348 
2.559548 
2.500743 
2.561936 
2.503121 
2.504311 
2-505494 
2.560067 3 
12.567849 
2.509023 
2.570193 
2571359 
2.572523 
2.573684 
2.574841 
2 575990 
2.577147 


2.578295 


$+3 79441 
2.580583 
2.581722 
2.582858 
2.583992 
2.585122 
2.586250 
2.587374 
2.5 88496 
2.589014 
22522739 
2.591843 


2.592954 


2.594061 
2.595165 
2.566267 
2.597360 
2 568482 
2.599550 
2.600040 
2.601734 
| 2.602819 
| 


ö 


8 


2.554852 
2.556001 
2.557266 
2.553469 
2.559007 | 
2.500863 
2.562055 
2.503244 
2.564429 
2.565612 
2.569791 
2.567907 
2.569140 
2.560309 | 
2.571470 
2.572039 
2.5738c0- 
2.574057 
2.57011) 
2.577202 
2.578410 
2.579555 
2.580097 
2.581836 
2 582972 
2.584105 
2.585235 
2.580302 
2.587486 
2.588008 
2589726 
2.390842 
2.591955 
2.593064 
2.594171 
2.595276 
2.599377 
2.597476 
2.598572 
2.599065 
2 600755 
2.601843 
. 
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9 
2.554973 
2.556182 
2.557387 
2.558589 
2.559787 


2. 560982 


2.562174 
2.563362 

2.564548 
2.505730 


- 


| 
| 
bs 


2.566909 
2.568084 
2.509257 
2.570420 
2.571592 
2.572755 
2.573915 
2.575072 
2 570226 
2.577377 
2.578525 
2.579669 
2.580811 
2.581950 
2.583085 
2.584218 
2.585348 
2.586 75 
2.587599 
2.588720 
2.589838 
2.590953 
2.592066 
2.593175 
2.594282 
2.595386 
2.596487 
2 597 85 
2.598681 
2.599774 
2.600864 
2 601951 
2.603036 


4 


— 


5 


113 


"121 
121 
121 
120 
120 
120 
119 


119 
11 


—ů—ů 


118 
118 
117 
117 
117 
116 
116 
116 
115 
115 


114 
114 
114 
114 


113 


— 
— 
— 


* 
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A Table of Logarithms, 


No 


1 401 
4 402 


403 


O 
2.603144 
2.604226 
2.605 305 
2.606381 
2.607455 


5 


2 603253 
2.004334 
2.605413 
2.60649 
2.607562 


2.608526 
2.009594 
2.610600 
2.611723 
2.612784 
2.013842 
2.614897 
2.015950 
2.64 oo 
2.6;8048 
2.619093 
2.620136 
2.621176 
2.622214 
2.62 3249 
2.624282 
2 625312 
2.626340 
2.627306 
2.628389 


62.629410 


2.630428 
2.031444 
2.632457 
2.633468 
2.034477 
2.035454 
2.630488 
2 037490 
2.638489 
2 639480 


2.640481 
2.041474 

2.042404 
2.645453 
2.644439 
2.045422 
2.040404 


2.608633 | 
2.609701 
2.610757 
2.617829 
2.612890 
2.013947 
2.615003 
2.61605 5 
2.617105 
2.618153 
2.619198 
2.620240 
2.621280 
2.622318 


2.623353 
2.624383 
2.625415 
2.626443 
2.527468 
2.628491 
2.629511 
2.630529 
2.631545 
2.032558 
2.033509 
2.034578 
1 
2.616588 
2 037590 
2.638589 
2.639586 
ee 
2641573 
2.642563 
2.043551 


2.644537 
2.045520 


2 645502 


2 


2.603301 
2.604442 
2.605520 
2.605596 
2.607669 
2.608740 
2.609808 
2.610873 
2.611936 
2,6512996 
2.014053 
2,015108 
2,616160 
2,6017210 
2,618257 
2,019302 
2.020344 
2.021384 
2.622421 
2.623456 
2 624488 


2.625518 
2.6265 46 
2.627571 
2 628593 
2.629613 
2.630631 
2.65 1647 
2.632660 
2.033670 
2.034679 
2.638685 
2 630088 
2 637690 
2.638681 
2.639683 
2640083 
2,6416714 
2,04 2607 
2,6643650 
2.644635 
2645619 
2,6466 


3 

, 03409 
2,6504550. 
2, 005628 
2, 0c 6704 | 
2,697777 

2, 508847 
2.609914 
2.610979 
2,012042 
2.613102 
2.014159 
2,015213 
2,616265 
2,017315 
2.618362 
2,619406 
2,020448 
2,02 1488 
2.622525 
2,023559 
2,024591 
2.625621 
2.626648 
2,6627673 
2628695 
2,0629715 
2.630733 
2,631748 
2,6329701 
2,6335771 
2,634779 
2.635785 
2 636789 
2.637790 
2.638789 
2.639785 
2.640779 
2.641771 
2.642761 
2.643749 
2.644734 
2.645717 
2.646698 


ER. 


2003577 
2.604658 
2.6057 36 
2 600811 

2.607884 
2. 008954 
2.610021 
2 611086 
2.612148 
2 612209 


2.614264 


2.615319 
2.616370 
2.617420 
2.618466 
2.619511 
2.620552 
2.621592 
2.622628 
2.623663 
2.624694 
2.625724 
2.626751 
2.627775 
2.628797 
2.029817, 
2.630834 
2.631849 
2.632802 
2.633872 
2.634880 
2 635886 


2.636889 
2.637890 
2.638888 
2.539885 
2 640879 
2.641870 
2.642860 
2.043847 
2 644832 
2.045815 
2.646796 


8 


— 


_— 


— 


— 


from 1 to 10000. = 236) | 


IN*| 5 6 1-13 1 6 
401 | 2.603685 | 2.603794 | 2.603902 |2.604010 [2.004118 | 108 

| 492 | 2.604766 | 2.604874 | 2 604982 2.003089 | 2.605197 | 108 
4032.605843 2.60 595 1 2.606059 2.605166 2.606274 | 108 

404 | 2.606918 2.607026 2.60% 133 2.607240 | 2.607348 | 10% 
405 | 2 607991 | 2.608098 | 2 608205 2.608312 | 2.608419] 107 

| 406 | 2.609060] 2.609167 | 2.609274 2.609381 2.609488 | 107: 
| 407 | 2.610128|2.610244 | 2.610341 |2.010447 | 2.010554 107 
4082.611192 2.611298 | 2.61140; [2.611511 | 2.611617] 106 
| 409 | 2.612254 | 2.612360 2.612466 2.612572 2.612678 |. 106 2 
| ] 410 | 2.613313|[2.613419| 2:613525|2.613630| 2.613736 106 
| 411 2.614370 2.614475 2.61458 12.614686 2.014792 | 106] 
| | 412 | 2.615424 |2.615529|2.615634|2.615740.| 2.615845 |. 105 
1 413 | 2.616475 | 2.616580 2.616685 2.616790 2.616895 | 105 
414 }2:017524 |2.617629 | 2.6177 34 2.617839 2.617943] 105; 
415 | 2.618571 | 2.618675 | 2.618780|2.618884 | 2.618989 105} 
| 416 2.619615 | 2.619719| 2.619823 2.619928 2.620032 | 104 

4 { 417 2.6206 56 2.620760 | 2.620864 |2.620968 2.521072 | 104 
| 

| 


418 | 2.621695 | 2.621799] 2.6219c3 | 2.622007 2.622110 104 
419 | 2.622732|2,622835| 2 622939 2.623042 2 623146] 104 
2.623766 2.623869 | 2.623972 2.624076 2.024179 | 103 

| 421 | 2.624798 | 2.624901 | 2.625004 [2.625107 | 2 625209 | 103 
| 422 | 2.625827 | 2.625929 | 2.626032 2.620135 | 2.026238 | 103 
| 423 | 2.626853| 2.626956 2.627058 |2.627101 | 2.627263 | 103 
| 424 | 2-627878| 2.627980| 2.628082 | 2.628184 | 2.628287 | 102 
1 425 2.628900 2.629002 2.639104 |2 629206 | 2.029308 | 102 
4262.629919 2.630021 | 2.630123 |2.630224 | 2.630326 | 102 
427 | 2-630936| 2.631038|2.631139|2.631241 | 2.631342 | 102 
} 428 | 2.631951 | 2.632052 | 2.632153 | 2.032255 | 2.932356 | 101 
10.635085 eee 2.633165 (2.533265 2.633367 | 101 
2.633973 | 2.634074| 2.634175 |2.634276| 2.634376 | 109, 
431 | 2.634981 | 2.635081] 2 635182 z 635283 2.635383 | 100; 
-| 432 |2.635996| 2 636086] 2,636187 [2.635287 | 2.630388 | 100 


-—— —— — — — 


4332.630989 2.637089] 2.037189 2637289 | 2 6373900 109 
4342.637980 2.638090 2.638 1902.638289 2.638,87) 99. 
435 2.638988 2.639088 2.639188 2.639287 2.639387 | 99 
4362.639984 2 640084 2.64018; [2.640283 | 2.040332 | 99 | 
437 | 2.640978} 2.641077] 2.64117612.641276 | 2.941375 | gy | 
438 | 2.641970| 2.642069] 2.642168 |2.642267 | 2 642365] gy | 
| 439 | 2-642959| 2.643058 2.043156|2.643255 [2.043334 99 | 
440 | 2.643946 2.644044 2.644143 2.644242 2.644340] 9% 

441 | 2.644931] 2.645029] 2.045127 2 640226 [2 6163244 98 | 
442.| 2.645913| 2.646011] 2.646109 2.646208 2.646356] 98 
443 | 2.646894 | 2.646991 6 2.647285 a 


+ 
N 
8 


+ 
0 


| 
| 
j 
| 


7 — — * — — —— — — — — — — 
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A Table of Logarichms, 


” - 
PE "TIFYY * r * = 


_ 


— 


es $a. 24 A 8 


a 


O 


2.647383 
2.648360 


62.649335 


2.650307 


82.65 1278 


2.65 2246 
2.653212 
2.654176 
2.655138 
2.656098 
2.057050 
2.658014 
2.658965 
2.659916 
2.600065 
2.661813 
2.662758 
| | 2.663701 
2.664042 
2.665581 


| 2.666518 


2.607453 
2.668386 


2.609317 
2.670246 
| 2.071173 
2.67 2098 
2.673021 
2.073942 
| 2.674861 
2.675778 
2.976694 
2.677607 
2 6785 18 
2.679428 
2.680335 
2.681241 
2 682145 
2.683047 
2.683947 
2.694845 
2.685742 
W 


11 


2.047451 
2.548458 
2.649432 
2 650405 
2.051375 
2.652343 
2.053309 
2.654273 
2.055234 
2.656194 
2.057151 
2.658107 
2.659060 
2.660011 
2.660960 
2.661907 
2.662852 
2.603795 
2.664730 
2.66567 5 
2.66661 2 


2.607540 
2.668479 
2.669410 
2.670339 
2.671265 
2.672190 
2.673113 


2.674953 


2.676785 
2 677698 
2 678609 
2.679519 
2.680426 
2.681332 
2 682235 
2.683137 
2.684037 
2.084935 
2.685831 
2 686726 


2.674034 
2 675870 


} 


in 


2.047578 
2.048555 
2.6495 30 
2.050502 
2.651472 
2.652440 
2.65 3405 
2.654369 
2.65533 
2,656290 
— A 
2:057247 
2,058202 
2,0591 
2 
2, 66 1055 
2,6662002 
2.662947 
263889 
2.664830 
2.665768. 
2.666705 
2.667640 
2.668 572 
2.669503 
2 670431 
2.671358 
2.672283 
2673205 
2.674126 
2.675045 
2.675961 
2.676876 
2.077789 
2.678700 


2.680517 


2.685025 
2,6859921 
2686875 


2.679610 


2.68 1422 
2.682326 
2,6832227 
2.68427 


ne 


2,047676 


2,648653 
2, 49627 
2,050599, 


2,651 569 
2,652536 
2.653502 
2.654465 
2,055427 


2.656386 


2.657343 
2,658 298 


25659250 


2,6660201 


2.661150 
2,062096 


2,663041 
2, 663983 
2.664924 
2,665 862 


2, 666799 


2.667733 
2.668665 


2, 69596 
2,6705 24 


2,071451 


2.672375 |2- 
2,073297 
2,074218 
2,675136 


2,076053 
2,676968 


2.678791 


2.680607 
2.681513 
2.682416 
2.683317 
2.684217 
2.685114 
2.686010 


2.686904 


2.653598 96 


2.679700 


2.654562 96 
2.65 5523 
2 6536481 
2.057438 
2.65 8 393 
2.659346 
2.660296 
2.66245 
2.662191 


— — 
2677972 
2.678882 
2 679791 
2 680698 

2 681603 
2.682506 
2.683407 
2.684307 
2 685204 
2.686100 
2.686994 


1 A 


1 


from 1 to 10000. 


(333) F 


— 


2.648848 
2.649821 


1.650723 
812.65 1762 


2.655577 


55 | 2.067920 


2.673482 


2.676246 
2.677102. 
7762578063 67 


2.6798 


2.047872 


2.662730 


2.654658 
i. .65g019 
$77 
2.657534] 
2.658488 
2.659441 | 
2.660391 
2.661339 
4 662285 
2. 663238 
2.654172 
2.665112] 


eto 5 


2 2.555986 


2.658852 


712.6697822. 
. * 


2.671636 
2.672500 


2.674402 
2. 9155 


2 92485 


2.680789 
2.681693 
2.682596 
2.683497 
2.654396 | 
2685294 
2.686189 
2.687083 


2 


2.053695 2 653791 


2.655714 
2.656673 


2 663324 


=: 


2 647909 
2.048945 
2.649919 
2 6508 90 
2.651859 
2.65 2820 


2.654754 


2.657629 
2.658584 | 
2.659536 
2.660486 
2.661434 
| 2.662380 


2, 66426012 


2.682686 

23587 
2.684486 
2 685383 
2.695279 


bY 

2,043097 | 
2.649043 | 
2.650016 
2.650987 |, 
2.651956 
2.652923 
2.653888 
2.6548 50 
2655810 
2.656769 
2 657725 
2.658079 
2.659631 


2.660581 


2.6615 29 
2 662474 
2 653418 

664360 
2.665299 
2 666237 
2.667173 


12.668 106 


2.669038 
2 669967 
2 670895 
2.671821 
2.072744 


2.674586 


2.675503 
2.676419 


2.678245 
2.679155 
2 680063 
2.680970 

2.681874 
2.68 2777 
2.683677 
2.684576 
2.685473 
2.686368 
2.687261 


2.687172 


— 


— 


2.67 3666 


2.677333 


2.648165 
2.649140 
2.65 0115 
2. 651084 
2.652053 
| 2.653019 

2.653984 
2.654946 
2.655906 


2.656864 
2.657820 
2.658774 
2 659726 
2.600676 
2.661623 
2.662569 
2.6635 12 
2.004454 


2.665393 
2 666331 


2.667266 


2. 2.658199 
2.669131 
2. ooh 
2.670988 

2671913 
2.672836 
2.673758 
2 674677 
2.675595 
2.676511 | 
2.677424 
2.678330 
2.679246 
2.080154 
2.681060 
2.681964 
2.632667 


2.686457 


—— — —— 


4 8 


2 683767 [z. 
2.684666 
2.685563 2. 


2.087351 [2. 


p 
= 
2.048262 


2.649237 


2.050210 


2 651:81] 
2.652150 


2.653116 
2.654080 
2 65 5042 
2.650002 
2 6569060 
2.057916 
2 658870 
2 659821 
2.660771 

2. 667718 
2.652663 
2.663607 
2.664548 
2.665487 
2.666424 


2.007 359! 


2608293 
2 669224 


2.670153 


2.671080 
2.672005 


2.672929 
2.673880 


2 674769 
2. 675687 
2.676602 
2.677816 


2.078427 


2.679337 
2.680245 
2.681151 
2.682055. 
'2.682957 


\O 
wa 


n 


= — — ——  — —ꝛů—ñ̃ — — > do 


| 
| 
| 
| 
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A Table of Logarithms, 


N 
10 


— — 
2.6875 29 


2.688420 
. 689309 
2, 691196 
2.691081 
2.691965 
2.092847 
2.093727 
2. 694605 
2.695482 


| 2.696356 
N ® 697229 


2.691200 
2.698970 
2. 694838 
2.700704. 
2 701568 
2:702430 
2.703291 
2.7041 50 


| 


2.705008 


2.705804 
2.700718 


2.707570 
2.708421 


2 [2.709270 


2.710117 
2.710963 

2,711807 
2.712650 
2.713490 


2.714330 


2.715107 
2.7 16003 
2.716838 
2.717670 
2.718502 
2.719331 
2.720159 
2.720986 
2.721811 
2.722634 


2.723456 


a 
1 
2.087018 
2.688 509 
2.689398 
2.690285 
2.691170 
2.09205 3 | 
2.692935 
2.693815 
2.694693 | 
2.695509 
2.690444 
2.597310 
2.698188 
2.099057 
2,699924 | 
2.700790! 
2,701654 | 
2,702517 
2.703377 
2.704236 
2705094 
2.705949 2 
bu 706803 
2.707655 
2.708506 
2.709335 
2.7 10202 
2 711048 
2.711891 
2.712734 
2.713574 
2714414 
2.715251 
2,7166087 
2716921 
2717754 
2.718585 
2.719414 
2,720242 | 
2,721068 


2,721893 
2,722716 


| 


2.688598 


2.695657 


2.705179 


2.714497 


2,723538 | 


0 


2.687707 


2.689486 
2.690373 
2.691258 
2.692142 
2.693023 
2.093903 
2.694781 


2.6905 31 
2.697404 
2.698275 
2.099144 | 
2.690011 
2.700877 
2.701741 
| 2.702003 
2.703403 
2.704322 


2.706035 
2.706888 
2.707740 
2.708 591 
2.709440 
2 710287. 
2.711132 
2.711976 
2.712818 
2.713658 


2.715335 
2.716170 
2.717004 
2.717837 
2.718068 
2.719497 
2.720325 
2.721151 
2.721975 
2.722798 
2.723620 


3 
2.687796 
2.688087 
2.089575 
2.690462 
2.691347 
2.692230 
2.693111 
2.693991 
2.694868 
2.095744 
2.696618 
2.697491 
2. 698562 
2.699230 
2.700998 
2.700963 
2,701827 
2 702689 | 
2.703549 
2.704408 
2.705265 
2.706120 
2.706974 
2.707826 
2.708676 
2.709524 
2.710371 
2.711216 


2,712060, 


2.712902 


2.713742| 


2.714581 
2.715418 
2.716254 
2.717088 
2.717920 


2.718751] 


2.729580 
2.720407 
2.721233 
2.722058 
2.722881 


2.723702 


68S. OY 
2.687885 
2.088770 
2.689664 


2.091435 


2.693199 
2.694078 
2.694956 
2.695832 
2.696706 
2.647578 
2. 698448 


2.700184 
2.701050 


2.702775 
2.703635 
2.704494 
$e79$ 350 


2-707059 
2.707911 
2.708761 
2.709609 
2.710456 
2.711301 
2,712144 
2.712986 
2.713826 
2.714665 
2.715502 
2.716337 
2.717171 
2.718003 
2.718834 
2.719663 
2.720490 
2.721316 


2.722903 


Sn 


1 
2.6905 50 


2.692318 


2.699317 


2.701913 


2.706205 


2.722140 


(Dif 


_ ” 


— 


5 19 _ 


7. 


Fn 1 to 10000. 


8 
2.687975 
2.688805 


2.689753 
2.690639 
2.691523 
2.692406 
2.693287 
2.694160 
2.095044; 
2.695919 
2.096793 
2.697665 
2.0985 35 
2.099 404 
2.700271 
2.701130 
2.701999 
2.702301 
2.703721 
2.704579 
2.705430 
2700291 
2.707144 
2.707990 
2.798846 
2.709694 
2.710540 
2.711385 


2.712229 


2.713070 
2.71391C 


2.714749 


2.715586 
2.716421 
2.717254 
2.718080 
2.718917 
*.7 19745 
2.720573 
2.721398 
2.722422 
2723045 
2.723866 


6 


2.688953 
2.689841 
2 690727 
2.691612 
2.692494 
2.093375 
2.694254 
2.695151 
2.69600 
2.696830 
2.097752 
2.698622 
2.099491 


2.700357 
2.701222 


2.702086 
6.703047 
2.703807 
2.70465 
2.705522 
2,700370 
2.707229 
2.708081 
2.708931 
2.709779 
2.7 1062 5 
2.711470 
2.712313 
2.713154 
2.713994 
2,714832 
2.715669 
2.716504 
2.717338 
2.718169 
2.719000 
2.719828 
2.72065 5 
2 721481 
2.722305 
2.723127 


2.723948 


2 688064. 


2 

2.088153 
2.689042 
2.689930 
2.690816 
2 691700 
2.69258; 
2.693403) 
2.094342 
2695219 
2.696294 
2.696965 
2.69783 
2.698709 
2.099578 
2.700444 
2 701309 
2.70217 
2.703033 
2.703893 
270475 
2.705607 
2.706462 
2.707315 
2.708166 
2 709015 
2 709803 
2.710710 
2. 71757 
2.712397 
2.713238 
2.714078 
2.714916 
2.715753 
2.716588 
2.717421 
2.718253 
2.719083 
2.719911 
2.720738 
2.721563 
2.722387 
2.723209 


[000096 


| 


8 


2 088242 


2.689131 
2.690019 
2 69090 5 


2.691788 


2.692671 
2.093551 


2.0944 30 
2.695306 


2. 2.696182, 


2.097055 
2.697926 
2 698790 
2.699664 
2.700531 
2.701395 


2.702258- 


2.7031 19 
2.703979 
2 704837 
2.705093 
2.700547 
2,707400 
2.700251 
2 709100 
2.709945 
2.710794 
2.711638 


2712481 


2.713322 
2.714162 
2 715 õοꝑ 
2.715830 
2.716671 
2.717504 
2.718336 
2.719165 
2.719994 


2.720821 
2.721728 


2.721646 
2.722409 
2.723291 
2.714112 


2 690269 


2.089220 
2.690107 
2 690993 
2.091877 
2.692759 
2.693639 
2 094517 
2.695394 


2.097142 
2 698013 
2 69888; 


2.699751 


| 


2 7060017 
2.701482 
2.702344 


2.703204], 


2.704065 
2.704922 
2.705778 
27 c632 
2.707455 
2.708330 
2 709185 
2.710033 
2.710875 
2.711723 
2 712565 
2.713406 
2.714240 


2.715084] 


2.715920 
2.710754 
2.717587 
2.718419 
2.719248 
2.7 20077 
2.720903 


2 722552 
2.723374 


2*724194 


2.088331 


— * 


* — 


—— 


A Table of Logarithms, 


2.724276 
2.725094 
2.725912 
2.726727 
2.727541 
2.728354 


6| 2.729165 

2.729974 

2.730782 
2.731589 


2.732394 
2.733197 
2.733999 
2.734800 
2.735599 
2.736396 
2737103 
2.737987 
2.738781 
2.739572 


2.740363 


2 741152 
2.741939 


2.742725 
2.743510 


2.744293 
2.745075 
2.745855 
2.746034 
2.747412 
2.748188 
2.748953 
2.749730 
2 750508 | 2 
2.751279 


5 | 2.752048 


2.752816 


2.755783 
2.754348 
2.755112 
2.756875 
2.756630 
2.757396 


1 
— 
2.724358 
2.725176 
2.725993 
2.726809 
2.727623 
2.728435 
2.729246 
2.7 30053 
2.730863 
2.731669 


2.732474 
2.733277 
2.734079 
2.734880 
2,7356079 
2.736476 
2,737272 
2,7 38067 
2.738860 
2-7 39051 
2.7 49442 
2.741230 
2.742018 
2.742804 
2.743588 
2.74437 
2.745153 
2 745933 | 
2.740712 
2.747489 
2.748266 
2,7 49040 


2.749814 
2,750586 
2751356, 
2752125 
2.752893 
2. 753060 
2,7 54425 
2.755189 
2755951 
2.756712 
2,757472 


| 


2.734159 


2.744449 


[2.754501 
2.755205 


bo 


2.724440 
2.725258 
2.726075 
2.726890 
2.727704 
2.728516 
5.729 337 
2.730136 
2.730944 
2231250 
2.732555 
2.733358) 


2.734960 
2.735758 
2.736356 
2.737352 
2.738 146 
2.738939 
2.739730 
2.740521 
2.741309 
2.742096 
2.742882 
2.743666 | 


2.745231 
2.746011 
2.746790 
2 747567 
2.748343 
2.740118 
2.749891 | 
2.750663 
2.751433 
2.752202 
2.752970 
2.753736 


2.756027 
2.756788 
2.757548 


| 


3 
2.724522 
2.725340 
2.726150 
2.726972 
2. 727785 
2.728597 
2.729408 
2.730217 
2.731024 
2.731830 
2.732035 
2.733438 
2.73440 
2.735040 
2.735838 
2.736635 
2.737431 
2 738225 
2.739018 
2.739810: 
2.740599 
2.741388 
2.742175 
2.742961 
2 743745 
2.744528 


2.745309 
2.740089 


2.746868 
2.747645 
2.748421 
2.749195 
2.749968 
2.750740 
2.75 15 10 
2.752279 
2.753047 
2.753813 
2.754578 
2.755341 
2.755103 
2.756864 


2.757624 


v7 
2.724603 
2.725421 
2.726238 
2.727053 
2.727806 
2.728678 
2.729489 
2.730298 
2.731105 
2.73191 
2.732715 
2.733518 


2. 735 I 20 
2.735918 
2.736715 
2.7375 11 | 
2.738305 
2.739097 
2.739889 


2.741467 
2.742254 
2.743039 
2.743823 
2.744606 
2-745 357 
2. 746167 ö 
2.746945 
2.747722 
2.748498 
2.742272 


2.750819 
2.751587 
2.752356 
2.753123 


2.754654 
2.755417 
2.756180 
2. 55940 
2.757700 


| 4 


2.734320 | 


2.740078 


2.750045 


2.753889 


—__ 


Pw WS” * 


from 1 to 10000. 


( 337 


ä 


) | 


2.720320 
2.727134 
2.727948 
2.728759 
2.729570 
2.739378 
2.731185 


2.751991 


2.732790 
2.733398 


| 2-7 344090 


| 2-7 35 200 
[273599 
2.730795 
2.737590 
2.738384 
2.739177 
2.739968 


2.740757 


2.741540 
2.742332 


12.74311g 


2.743992 
2.744084 
2.745405 
2.740245 
2.747923 
2.747800 
2.742570 
2.749350 
2.750123 
2.750894 
2.751664 
2.752433 
2.753200 
2.753966 
2.754730 
2.755494 
2*756256 
2.757019 


Aa 


2.725503 


6 / 


2 724707 
2.725585 
2,726401 
2727216 
2.728029 
2.728841 

2.729651 

2.739459 
2.731266 
2.732072 
2.732876 
2.733679 
2.734480 
2.735279 
2.7 36078 
2.736874 

2.737670 
2.738463 

2.739256 
2.740047 

2.740836 
2.741024 
2,742411 

2.743196 
2.743980 
2.744762 

2.745543 
2.740323 

2.747101 

2.747878 
2.748653 

2.749427 
2.750200 
2.750971 

2.751741 

2.752509 
2.753277 
2.754042 
2.754807 
2.755570 
2756332 
2.757092 


n 


2.724849 
2.725667 
2.720483 
2.727297 
2 728110 
2.728922 
2.729723 
2.739540 
2731347 
2.732152 
2.732956 
2.733759 
2.734560 
2-735359 
2.736157 
2 736954 
2 737749 
2.735543 
2.739335 
2.740126 
2.40915 
2.741703 
2.742489 
2743275 
2.744058 
2.744840 
2.745621 
2.740401 
2.747179 
2.747955 
2.748731 
2.749504 
2.750277 
2.751048 
2.751818 
2.752580 
2.753353 
2.754119 
2.754883 
2.755646 
2.746408 
2.757168 
2.757927 


Fad 


- 


2.724931 
2.725748 
2.726564 
2.727379 
2.728191 
2.729003 
2.72981 3 
2.730621 
2.731428 
732233 
[2.733037 
2.733839 
2'7 34640 
2.735439 
2.736237 
2.737034 
2.737829 
2.738622 
2.739414 
2 740205 
2.742994 
2,741782 
2.742568 
2.743353 
2.744 36 
2.745919 
2.745699 
2.746479 
2.747250 
2748033 
2.748808 
2.749582 


2.759354 


2.751395 
2.752063 
2.753430 
2.754195 
2.754960 
2.755722 
2.750484 
2.757244 
2,758003 


2.751125 


9 
2.725013 
2.725830 
3.726646 
2.727460 
2.728273 
2.729084 
2.729893 
2.730702 
2.731508 
2 732313] 
2.733117 
2 733919 
2.734720 
2.735519 
2.736317 
2.737113 
2.737908 
2.738701 
2.739493 
2.740284 
2.741073 
2.741860 


2.742647 
2.743431 
2.744215 
2.744997 
2.745777 


2747334 
2.748110 


2.748885 


2.750431 
2.751202 
2.751972 
2.752740 
2.753506 


2.755036 
2.766560 


5 


2.746556 | 


2.754272 | 
2.756<799] 7 
27573207 


Dif 


82 
82 
81 
81 
81. 
81 
81 
81 
81 
| 80 
80 
80 
80 
80 
80 
79 
79 


2.740659 


96 


— 


— 


Y 


. 


— 


2.788482 


2.764196 
[2.705609 


2.707898 


2.7701 15 
[2.77852 
2.771587 
92 [2.773955 


12 774517 


2.778874 


. 
2.543450 


2.764923 | 


— 
2.76715 


2.768648 
2.709377 


2.772322 


2773786 


2.775246 
2.775974 
2.776701 
2.777427 
2.778151 


2.779590 
2.780317 
2.781037 
2.781755 
2782473 
2.783183 
2 783904 
2.784617 
2 785330 
2.786041 


2761170 
: 1 


| 2.784089 


A 


Table of Logarithms, 


* — 


2.759250 
2.759989 
4 78045 

2.761251 
2.762003 
2.702784 
2.503503 
27704251 
2.764998 
2.705743. 
2.766487 
2.707230 
2.767972 
2.768712 
2.709451 
22 
2.77 992 

2.77 1661 
2.77239 

2.773120 
2.77 38600 


2-774590 
2.775 3 ; 9 | 
2 776047 

2.776774 
2.777499 
2.778224 
2.778947 
2.779669 
2.780389 
2 781r0g 
2.781825 
2 782544 
hai <.þ won 
,2-783975 


2.785 401 
2.786112 
2.786822 
2.787531 
2.788230 
2.788946 


2 


2 


3.753306 


2.755063 
2:759819 
26787 
2.796132 

2.762078 
2:762829 
3.763578 
2.764326 


£,765072 


2.705818 
2,766562 
2,767 304 
2,7 68046 
2, 768786 


2.7695 25 


2.770263 


2.770999 
2.771734 
2.972468 


2.773933 
2.77663 
2.775392 
2.756120 
2.776846 
2777572 


2.778296 


2.779019 
2.779741 
2.780461 


2.781181 


2 781899 
2.782616 
2.783332 
2.784046 
2.784760 
2,788472 
2,786183 
2,786893 
2.787603 
2,788310 
2799016 


2,769 599 
ö 


2.773201 


3 
2,758382 
2, 759139 
2, 59894 
2, 760649 
2,761402 
2,762153 
2.762904 
2.763652 
2,764.400 
2.705147 
2.765892 


2,707379 
2,768 120 
2.768860 


„770336 
2,7710733 
2.771808 
2,772542 
2227221 
2.774006. 
2.774736 
2.775465 
2,770193 
2,776919 
2,777044 
2,778368 
2.779091 
2,779813/ 
2,7805 33 
2,781 253 
2.781971 
2.782688 
2.783403 
2.784118 
2.784831 
2.785543 
2.786254 
2.786964 
2.787673 
2.788381 
2.789087 


2,7666362. 


— CEE 


4 Dif 


2.758458 
2.789214 
2.75997 

2.760724 
2.761477 
2.762228 
2.762978 
2.763727 
2.764475 
2.765221 | 
2.765966 
2 768770 
2.767453 
2.768 194 
2.708934 
2.769673 
2.770410 
2.771140 
2.771881 
2.772615 


222802 


2.774079 
2.774809 


2.775 528 
2.776265 


2.776992 
2.777717 
2.778441 
2.779163 
2.779885 
2.78060; 
2.781324 
2.782042 
2782759 
2783475 
2.784189 
2 784905 
2.785012 
2.786325 
2.787035 
2-787744 
2.788451 
2.789158 


| 


7” 
76 
75 
75 
75 
75 
75 
75 

75 

. 


r . A ( , ET EW 


1 — 8 


— OI I" — 


— 


a 


in ed e a oper Os _— —— 


from 1 to 10000. 


7 


| 12807 53 


dez 


'| 4. 760798 


1.581552 
2.762303 

2.76 

2 391853 
2.764550 


3.7 


2.774152 


| 2.774882 
2.775610 


2.776338 
2.77706 

2. 777789 
2.778513 
2.779239 


2.789957 


2.786677 
2. 781396 
2.7821 4 
2.782831 

2.783546 
2.784261 
2.784974 
2.785686 
2.786396 
2.787 106 


2787815 
2.7885 22 2. 
2.789228 


8 
* 


| 8 

* 
278 

2.7593 

2.760121J2 
2750675 
1.761627 
2.762378 
2.703128 
2.763877 
2.764624 


296 2.765370 


2.760115 
2.706859 
2.767601 


2.768342 


2.769082 


2.769890 2 
778557 


2.77129 
2.77202 
2.772762 


2.774225 
22774955 
2.775083 
2.776411 
2.777137 
| 2.777862 
2.778385 
2.779308 
2.7 80029 
2. 799748 

2 2.781408 $12 
2. 2.78218 
2.782902 
2.783618 
2.784332 
2.785045 


2.773494] 2: 


2.774298 
2.775028 
2 775756 
2.770483 
2.777209 
2.771934 
2.778658 
2.779380 
2.780101 
2.780821 
2.781540 
2 2.782255 
2.782974 
2.783689 
2.784403 
2.785116 
2. 785828 


2.786538 


. 
2756707 
2.759517 
2.760272 
2.761026 


12.761778 


2.762529 
2.763278 
2.764027 
2. 704774] 
2. -765520 


2.766264 
2,767007 


2767749 
2.768490| 2 


52.769230 2 


2.769968 
2.770705 
2.771440 
2.77217 

2.77290 

2.773040 
2.774371 
2.775100 
2.775829|5 
2.776556 
2.777282 
2.778006 
2.778730 
2.779452 
2.780173 
2.780893 
2.781612 


2.782329 


2.783040 
2.78376 


2.784475 


2.785187 
2.785899 
2.786609 


2.788027 
2.788734 


2.789440 2. 


2755536 
2. 2759392 
2.780347 
2.761101 
2.7618 
2. 762684 
2.703353 


2.764848 


2:706338 
2 767082 
#707823 

ok 


2.771514 
2,772248 
2.772981 


2.774444 
2.775173 
2.771902 
2. 770629 
ch 28 
2.778079 
2.778802 
2.779524 
2.780245 


2.7 80965 


2.782401 
2.783117 
2.783832 
2.784546 
2.785259 
2.785970 


2764011 


2.773; 13 — 


2.781684 


2.786680 
2.787319] 2. 


v4 
6 


z 705594 |.2. 


2 


A Table of Logarith ms, 


a. 789581 
2.790988 


2.793790 


2.795880 


2.800717 


2 804139 


2 809560 


s | 2 813581 2 


1 —a- — << - 


2.790285 


2.791691 

792392 
2.79392 
2.794458 
2.795185 


— — 
2.795574 
2. 797268 
2.797960 
2.798551 
2.799341 
2.800029 


2. 801404 
2. 802089 


2.802774 
2.*03457 


2 804821 
2. 805501 
2.8061 80 
2.806858 
2.807535 
2.808211 
2. 808886} 


2.810232 
2.810904 
1 


812245 
Wy Ne, 


I 
2789651 
2.790359 
2.791059 
2791761 
2. 792462 
2.793162 
2.79386 
2.794558 
2.795254 
2.795949 
2.796044 
2.797337 
2.798029 
2.7987 20 
2.799409 
2. 800098 
2. 800786 
2.801472 
2.802158 
2.802842 
2.803525 


2. 804208 
2.804889 
2.80556 
2. 9055 18 
2. 306926 
2.807603 
2.808279 
2.80895 3 
2. 809627 
2 810300 
2.810971 
2 81 1642 
2.812312 
2.8 12980 
813648 


| 


2.814248 
2814913 

2.815578) 

2.916241 
2.8 16904 
2.817565 2 
2.818226 


2.814314 
2.814980 
2.815844 
2.815308 
2.816970 


2.817631 f 
2818292 


_— 4 


2. 2 2 
2.790426 

2.791129 
2.791831 


2.792532 


2.793231 
2.793920 
2.794627 
2.795324 
2,796019 
2.790713 
2,7970 
2,798098 
27922775 
7994 
2.695166 
2.800854 
2.801541 
2.802226 
2.802910 


2. 804957 
2.805637 


2.809021 


2.810307 
2.811038 


2.812378 
2. 913047 


2.813714 
2814381 


a 


| 


2.803594 
2. 804276 


2 8063 16 
2. 806994 
2.807670 
2.898346 


2.809694 


2.811709 


ld. 


2,790496 
2,791199 
2,791901 
2,792602 


2.790000 
2.794697 


2795393 
2.796088 


2.796782 
2.797475 
2,798167 

2,798858 
2.799547 
2,800236 
2,80092 3 
2,80160y 
2.802295 
2, 902979 
2, 803662 


2.805025 
2,805705 
2,806384. 
2,%07061 
2.807738 
2,808414 
2, 809088 
2, 809752 
2.810434 
2.311106 
2.811776 
2.812445 
2.813114 
2.813781 
2.814447 
2.815113 


2.816440 


2.817102 


2.817764 


2.818424 


2,793301 


2.804344 


2.815777 


pm. © 

| 2.789863 

2.790567 
2.791269 
2.791971 

2.792672 
2.793371 
2.794070 
2.794767 

2. 795403 
2.79615 

2:796852 

2. 791545 
2.798236 


2.799616 
2.80030; 


2.802363 
2. 803047 
2.803730 
2.804412 
2.805cg3 
2.805773 

2.80645 1 
2.807129 
2.897806 
2.808481 
2.8:9155 
2.809829 
2.810501 
2.811173 


2 811843 
2,812512 
2.813180 
2813848 
2 814514 


2.815843 
2. 818865 
2.817169 
2.817830 
2.818490 


2.798927 


2. 80992 
2.801678 


| 


2.815179 


4 


— 


+ $ 


8 


. 


from 1 to 10000. 


——U— — 


— * 


5 
2.789933 
2.790037 
2.791 340 
2.792041 
2.792142 
2793441 
2.794139 
2.7948 30 
2.795532 
2.796227 
2 790921 
2.797614 
2.798305 
2.798996 
2.799685 
2. 800373 
2. 801060 


2.801747 
2.802432 


2. 803116 


2.803798 


2. 804480 
2.805161 
2.805840 
2. 8065 19 
2. 807 196 
2.807873 
2.808548 


644 12,809223 


2 
2. 8 105 68 


42.811240 


2.811910 
2,812579 
2.813247 


2.813914 
2.814580 


2 815246 
2.81591 

2 816573 
2.817235 
2.817896 
6 


BY”: 


2.7 90003 
2.790707 
2,791410 
2.792111 


2.792812 


2.793511 
2.794209 


2. 79490 
2.795602 


2.7 96297 
2.796990 
2.79708 3 
2.798374 
2.799065 


2.799754 
2. 800442 


2.801129 
2. 801815 
2.802500 
2.803184 
2,803867 


2.805548 
2.805229 
2. 80598 
2.806587 
2.807264 
2.807941 
2.808616 
2.809290 
2.809963 
2.810636 
2.811307 


2.811977 
2.812646 


2.813314 
2.813981 
2.814647 
2.815312 
2.815976 
2.816639 
2.817301 
2.817962 
2.818622 


55% * ww. 44 = - 


[ 


2.803953 


2. 808008 


2 


2.790074 
2.790778 
2.791480 
2.792181 
2.792882 


2.793581 

2.794279 
2.794970 
2.795671 

2.796366 
2.797060 
2.797752 
2.798443 
2.799134 
2.798823 
2.800511 

2. 801198 
2. 801 884. 
2.802568 
2,803252 


2.804016 
2.805 297 
2.805976 
2.806655 
2.807332 


2,80868 3 
2 
2.810931 
2.810703 
2.811374 
2.812044 
2.812713 
2.813381 
2.814048 


| 

8 
2.790144 
2.790848 
2 791550 
2.792252 
2.792952 
2.793651 
2.794349 
2 795741 
2.796436 


2.797129 
2.797821 
2.798512 
2.799203 
2.799892 
2.800580 
2.801 267 
2.801952 
2.802637 
2.803321 
2. 804003 
2.804085 
2.805365 
2. 806044 
2.800723 
2.807400 
2.808076 
2.808751 
2.809425 
2. 8 10098 
2.810770 
2.811441 
2.812111 
2.842780 


2.813947 
2.814114 


2.814714 


2.815378 | 
2.816042 


2.816705 
2.817367 
2.818028 


6 


2.814780 


2.815445 
2.816109 
2.810771 
2817433 
2.818094 
2.818754 


1 


2.790215 
2.790918 
2.791620 


2.793022 
2.793721 
2.794418 
2.795115 
2.795810 


2.797198 
2.797890 
2.798582 


2.799900 
2.800648 
2.801335 


2. 802705 
2.803389 
2.804071 
2.804753 
2.805433 
2.806112 
2.806790 
2.807467 
2.808143 
2.808818 


2.810105 
2.810837 
2.811508 


2 812778 
2.812846 


2.813514 
2.814181 
2.814847 
2.815511 
2.816175 


2.817499 


| 2.818819 


3 


—— —e— * —— — Pr „* «* * 


5 (68341 ) 
ll 


2.792322 


2.790505 | 


2.799272 


2,8020211 


2. 8094921 


2.816838 


2.818160 


— 


Dit 


— 


* 


rr 


K 


Logarich 


ms, 


—_— 


c — — i * * 


4 — — * 
> 
—— 1 a— Sa 
1 
= 


-— — 


- 


- «4 
>. th. nm tt. 


5 


699 


q 2+$29304 
677 2-830589 


0 
2.81858 z 
2819544 
2.820C201 
2.8208 58 
2821513 
2.822168 
4.822822 
[2-823474 


512.824126 


[2,82477£ 
2.825426 


2.8 20075 


2826722 


2.828015 
2; 828660 


2.829947 
2.831230 


6882.837588 2,9837652 


2.838219 
2.838849 


501739478 21839541 
692 2.840 106 2,845r59 
6932-3407 32.89 
694 (2:84 1359] 2,84 6422 


2.841985 
2.842609 


897 (2-843233] 2343295 
 bo8ſ2-343855} 2,74 3918 | 


2.344477 


. Joo 2.845098 2.845190 | 
7or | 2-Byo7 Bf 2.845780 | 2.845342 


* af 


2.822369 


1 
2.818951 


2.8 19510 


2.820267 
2.8 20924 
2.821570 
2.822233 
2.822887 


2.823539 
2.924191 
2.824841 


2.925491 
2.826140 


2.926787 
2.827434 
2.828980 
2.928724 
2.829368 
2.830011 
2.8 30653 
2.831294 
2.831934 
2832573 
2.833211 
2.933948 
2.834484 
2.835120 
2.835754 

2238587 | 
2587020 


25838282 
2.8389 12 


2. 842047 
2,842672 


2.844539 


A Table of 


2,820989 


80 | 2.844042 
2.844663 
2845284 


2.845222 


2845904 


15830845 


3 2,83212 
75832764 
2,83 3402 | 
2,834039 
2,834675 
2,9356310 


a | 258397 29 


4 _ 


2,819149 
2,819807 
2,820404, 
2,821120 
2821775 
2.822430 


2,323735 


2,825036 


2,825686 
2,826334 


2,826981 


2828273 
2,828918 
2,8298661 
2.830204 


2831486 


2.835944 
2.836577 
2,837209 
2,837841 
2,8 39471 
25839101 


3 
2.840984 
2,8416 0 


8.844104 | 


2.844726 
2.845346 


2.823083 
2,8243860 


2,8276028 


45986 


—— — — 


* 


— — 


288 


* — 


6 — 


from 1 to 10000. 


' 


z.819215 
2.819873 
2.829530 
2.821186 
2.82184 7 
2, 822405 
2.823148 
2.823800 
2.824451 
2.828 191 


2.825751 
2.826399 


2.827692 
2.828338 
2.828982 
2.829625 
2.830268 
2.830909 
2.831550 

99 


2.839792 
2,840420 


2.841672 
2.442297 
2 842921 
2.843544 
2.844166 
2.844788 
2.845408 
2.84002 


2.827046 


2.841046]2z. 


i 
2.819281 
2.819939 
2.820595 
2.821251 
2.821906 
2.822560 
2.823213 
2.823865 
2.824516 
2.825166 


| 


2.832828 


| 


FW 


2.819340 
2,82c004 


2.820061 
2.821317 
2.821C72 
2.822626 
2.823279 
2.823930 
2.824581 
2.825232 
2.825890 
2.826528 


2.827175 


| 2.827821 


2.828457 
2.829111 
2.829754 
2 830396 
2.831037 
2.831678 
2 832317 
2.832956 
2.833593 
2.834230 
2.834866 
2.835500 
2.836134 
2,836767 
2.837 399 
2.838030 
2.838660 
2.839289 


2.839918 
2 840545 
2.841172 
2-841797 
2.842422 
2.843046 
2.843669 
2.844291 
2.844912 
2.845532 


* 


ff 
2.820070 
2.8207 27 
2.821382 
2.822037 
2.822691 
2.823344 
2.823996 
2 824646 
2.825295 
2.825945 
2.826593 
2.827240 
2.827886 
2.828531 
2.829175 
2.829818 
2.830460 
2.831102, 
2.831742 
2.832381 
2.83 3079 
2.833657 
2.834293 
2.834929 
2.835564 
2.836197 
2.836830 
2.837462 
2.838093 
2.838723 
2.839352 
2.839981 
2.840508 
2.841234 
2.841860 


2.842484 
2.843108 


2.843731 


| 2.944353 


2 844974 
2.845594 


846090 ates 


2.846213 


2.5194tz | 


2.823409 
| 2.824001 
2.824711 
2.925361 
2.826010 
2.826658 
2.827305 
2.827950 
2.828595 
2.929239 
2.829882 


2.831166 
2.831806 


2.833083 
2.833721 
2.834357) 


2.834993 
2.335627 


2.836261 
2.836893 
2.837525 
2.838156 
2.838786 


2.840571 
2.841297 
2 841922 
2.842547 
2.843170 
2.843793 
2.844415 
2.845036 
2.845656 


2.830524 | 


+.832445 | 64 


2.839415 | 63 


— 


2 846 
| oy 


— — * 
ae. 


( 344 ) A Table of Logarithms, 


No 


ö 2.857332 


8882 
12.859138 


62.860937 


12.862131 
12.8627 27 
2.863323 
2.863917 
2.8645 11 
233 2.855104 
12 865696 


| 2.867467 
2.868056 
2.868644 


{2.870404 
212.87cg89 


0 
2.846337 
2,8 46955 


2.847573 
2.848189 


2 848805 
2.849419 
2.850033 
2.850646 
2.851258 
2,851870 
2.852480 
2.85 3089 
2 853698 
©, 356990| 
2.854913 
2 855519, 
2.856124 
2.850729 


2.857935 


2-859739 
2.860338 


2.861534 


2.866287 
2 866878 


2.869232; 
2.869818 


2.871573 


k 


I 


2.846399 
2.847017 
2.847034 
2.848251 
2.848866 
2.849481 
2.85009 5 
2.850707 
2.851319 
2.881931 
2.852541 
2.853150 
2.853759 
2,854,307 
2-854974 
2.855580 
2.850185 
2.865789 
2.857393 


2.857995 
2.858597 


2,859198 
2.859798 
2.860398 
2.850996 
2.861594 
2.862191 
2,862787 
2,8863382 
2, 863977 
2, 864570 
2,855 163 


2,805755 
2,866346 


2,8675 26 
2,868 115 
2,868 703 
2, 869 290 
2869877 
2.870462 
2.871047 
2.871631 


ö 


2 


2,8406401 


2, 547079 
2,847 690 
2,848312 
2,8489 28 
23849542 
2,850156 
2,850709 
2,85 1381 
2,85 1992 
2,8 5 2602 
2.853211 
2,85 3820 
2.854427 
2.855034 
2,8588640 
2,8506245 
2,8568 50 
2.857453 
2.858056 
2,858657 
2,859258 
2,86985g 
2,860458 
2,861056 
2,861654 
2,8602251 
2,862847 
2,863442 
2,804036 
2,864630 
2.805222 
2,805814 
2,866405 
2,866996 


.2,867585 


2.868174 
2.368762 
2.869349 
2.869935 
2.870521 
2.871106 
2.871690 


8 


3 

2,8405 23 
2,847141 
2.847758 
2,848374 
2,848989 
2,849604 
2,850217 
2,850830 
2,85 1442 
2,85 205 3 
2,85 2663 
2,8853272 
2,8 53881 
2,854488 
2, 85 8095 
2,85 5701 
2, 856306 


2,857813 
2,8581106 
2,8568718 
2.859318 
2.859918 
2,8605 18 
2861116 
2,861714 
2,862310 
2, 862906 
2,803501 
-2,864056 
2,864689 
2,865282 
2,805873 
2,866465 
2,867055 
2,867644 
2,868233 
2, 868821 
2,869408 
2.869994 
2-870579 
2.871164 
2,871748 


2,85 7910 


* 
2,8465684 
2,847 202 
2847819 
2,8484 35 
2,84905 1 
2.849665 
2.850279 
2,8 50891 


oo” 


2,852724 
2.853333 
2,85 3941 
2,8854549 
2,855 156 
2,85 5761 
2,8 56366 
2.856970 
2:857574 
2,858176 
2,858778 


2.859378 
2,8859978 
2, 860578 
2,8611706 
2,861773 
2,862370 


2,863561 
2,8641595 
2,864748 
2,865 341 


2,805933 
2,866524 
2.867114 
2,867703 
2.868292 
2.868879 
2,869466 
2,870053 
2,870638 
2.871223 
2.871 * 


2,8515030 
2,8652114 


2, 862966 


* 


* 


= 


” 


— I * "ey 
. - 


— ä 


from 1 to 10000. 


N 


— 


2. 2.846646 


2.847264 
2.847881 


2.848497 


2 849112 
2.849726 


2.850340 


12.850952 
2.851564 


2.852175 
2.852785 
2. 3553597 
2.85 4002 
2.854610 


12.855210 


2.855822 
2.856427 
2.857031 


2.85763 
2.85823 


| 


| 


2- 858838 
2.859438 
2. 860038 
2.860637 
2.861236 
2.861833 
2.862430 
2.863025 


2.863620 


2.864214 
2.864808 
2.80 5400 
2.865992 
2.866583 
2.867173 
2.867762 
2.868350 
2.868938 
2.869525 
2.870111 
2.870696 
2.871281 


2.871865 


| 


18 

2. 946708 
2.847326 
2. $47943 | 
2.848559 
2.849174 
2.849788 
2.850401 
2.85 1014 
2.851625 | 
2.852236 
2.852846 
2.853455 
2. 854063 | 
2.854070 
2.855277 
2.855882 
2.856487 
2.857091 
2.857694 
2.858296 
2.858898 


2. 859497 


2.860998 
2.860697 


2.861295 
2.861893 
2.892489 
2.863085 
2.863680 
2.864274 
2.864867 
2.865459 
2.866051 
2.866642 
2.867232 
2.867821 
2.868409 
2,868997 
2.869584 
2.870170 
2.870755 
2.871339 
2.871923 


3 


8 2.840770 
2.847388 
2.848004 
2. 848620 
2.849235 
2.849849 
2.850402 
2. 851075 
2.85 1686 
2.852297 
2.85 2907 
2.853516 
2. 285424 
2.854731 
2.855337 
2.855943 
2.856548 
2.857151 
2.857754 
2.858357 
2.858958 
2. 385753 
2.860158 
2.860757 
2.861355 
2.861952 
2.862549 
2.863144 
2.863739 


2.964333 
2.864926 


2,8655 18 


2.866110 
2.866701 
2.867261 
2.867890 
2.868488 
2. 869056 
2.869642 
2.870228 
2.870813 
2.871398 
2.871981 


1 
2.846832 


2.847449 
2.848060 


2.848682 
2.849296 
2.349911 
2.850524 
2.851136 
2.851747 
2.852358 
2. 2.852968 
2.853570 
2.854184 
2.854792 
2.555398 
2.856003 
2.856608 
2. 857212 
2.857815 
2.858417 
2.859018 
2 859019 
2.860218 
2.860817 
2. 861415 
2.862012 
2.862608 
2.863204 
2.803798 
2 864392 
2.864985 
2.865 578 


2.866169 
2.366760 
2.867350 2 
2.867939 
2.868527 
2.869114 
2.869701 
2.870287 
2.870872 
2.871450 
2.872040 


| 


9 
2.846893 
2.847518 
2.848127 
2.848743 
2.849358 
2.849972 
2.850585 
2.851197 
2.851808 
2.852419 


2.853637 
2.854245 
2.854852 


2.356004 
2.856668 


2 857875 
2.858477 


2.859679 

2. 88628 
2.860877 
2.861475 
2.862072 
2.862668 
2.863 263 
| 2.863858 
2.864452 
2,865045 
2.865637 


2.866819 

2.867409 
2.867997 
2.868586 
2 869173 
2.869760 
2.870345 
2.870930 
2.871815 


1 


2. 2.853029 


2.855459]. 


1.857272 


2.85978 


2.866228 co 


2. 87 2098 | 


( 845) 4 


— 


— 


—_ 


(346) A Table of Logarichms, 


2. 
2. 


0 


972150 


872739 


895422 
895975 


— — 


52.87 


612.88 


5 ' | 


k 
2.8722 15 
2.872797 
2.873379 
2.87 3960 
2.874540 
2.875119 

8296 
2.876276 
2.876853 
2.877429 
2.87 8024 
2.878579 
2.879153 


2.879726 
2,680299 


2.880871 
2,88 1442 
2,882012 
2.882581 
2.883150 
2.883718 
2.884285 
2.884852 
2.885418 


29 

2.836; 47 
2.887111 
z 887673 
2.888236 
2.883797 
2.889358 
2,889918 


2.890477 
2891035 
2,891 593 
2892150 
2.892707 
2.893262 
2, 93817 


2.894371 


2,894925 
2, 895478 


83 


2 


2.872273 
2.872855 
2.873437 
2.874018 
2.874598 
2.875177 
2 875756 
2.870333 
2.876910 
2.877486 
2.87 8062 
2.878637 
2.879211 
2.879784 
2.880350 
2.880929 
2.881499 
2.882069 
2.882638 
2.883207 
2.883775 
2.884342 


| 2.884909 


2.885474 
2.886039 


2.886603 
2.887167 
2.8877 30 
2.888292 
2.888853 


2.889414 
2.882224. 
2.890533 
2.891091 
2.891649 
2.892206 
2.892762 
2.893318 
2.893873 


| 


2.894980 


2.895533 
2.896085 


| 


2.994427 | 2: 


Lon 
2.872331 
2.872913 
emu 
67 407 

2.874656 
2075235 
2.87581 
28783 
2.87 
2.877544 
2.878119 
2.878694 
2.879841 
2.880413 
2.88098 
2.88155 
2 882126 
2.882095 
282255 
2.88 3832 


2.884399 
2.884965 
2.885531 
2.886096 
2.886660 
2.88722 
2.887786 
2.888348 
2.888909 
2.889470 
2.850030 
2.890586 
2.891 147 
2.891705 
2.892262 
2.892818 


2.893373 


3 
I 
8 


2.895036 
2.895588 


% 


— 


4 


2.872389 
2.872972 
2.873553 
2.874134 
2.874714 


2875295 
2.875871 


2.877026 
2.877602 
2.878177 


2.879325 
2.879898 
2.88047 1 
2.881042 
2 881613 
2.882183 


2.883321 
2.883889 


2.884455 
2.885022 
2.885 587 
2.886152 
2.886716 
2.887280 


2.888404 
2.888965 
2.889526 
2.890086 


2.899644 
2.891203 
2.891760 
2.892317 
2.892873 


2.893984 
2.894538 


2.895043 


2.896140 


— 95 


2.876449 


2.878751 


2.882752 


2.887842 


2.893429 


2.89509 


— w—_ 


Re 


from 1 to 10000. 


* 8 n AY 


"M0 
2.872448 
2.87 3030 
2.873611 
2.874192 
2 874772 


2.890700 
2.891259 
2.891816 
2.892373 
2.892929 


2.593484 


2.894039 
2.894593 
2.855145 
2.895699 
2.895251 


| 


* 


. 


6 


— 


2.572506 
2.873088 
2.873669 
2.874250 
2.874830 
2.875409 
2.875987 


2.876564 


2.877141 


2.877717 


2.878292 
2. 878966 
2.879440 
2. 88900 13 
2.88058; 


2.381156 


2.881727 
2.882297 


2.882866 
2.883434 


5 [2.88 4002 


2.834569 


2.888135 
. 8857 


2.888265 


2.886829 
2.887392, 
2.887955 
zee 
2.889077 
2.889038 
2.890197. 


2.899750 
2.897314 
2.891872 


2.892428] 2: 
2.892985 
2.893549] 


2.894094 


2.894648 


2 895201 


2.895754 
2.356306 


7 


. 
a 


2.873140 


2.873727 


2.874308 
2.874887 


2.876045 
2.876622 
2.877198 
2.877774 


2.878349 


2.878924 
2-879497 
2.880070 
2.880642 
2.881213 
2.881784 
2.882354 
2.882923 


2.883491 


2.884059} 


2.884625 
2.885 191 


2.885757 


2.886321 
2.886885 


2.888011 
2.888573 
2.889 134 
2.889694 
2.8902 63 
2.8908 72 


2.391370 
2.891927 


[* 


2.887448 


| 


| 


| 2.87 5 466 2.874345 


| 


wy” 


2.873785 
2.874300 


2.890192 
2.876680 
2.877296 
2.877832 
2.878407 
2.878981 
2.879555 
2.880127 

2. 880699 
2.881270 

2.88 184. 
2.88241 
2. 882980 


2.833548 
2.884115 


2.335 248 
2.885813 


| 


2.889068 
2.898629 


2.889750 
2.890509 
2.890808 
2.99426 
2.891983 

2.992540 
2.893096 
2.893651 


2.894759 


7 [2.895312 | 
2.895865 


2.872622 | 
2.873204 | 


2.875524, N 


2.884682 


2.886378 2. 
2.886942 | 2. 
2.887505] 2. 


2889190 f 


2.994205 |2. 


FOI 


4 


. 


eee 


2.879038 


2 879612 | 


2.880185 
2. 880756 
2.881328 
2.8818 

2.88248 
2 883036 
2.38360; 
2.884172 


—_—_— y ” 
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2.896526 
2.897077 
2.897927 


'2.898725 
239337 3 
2.8998 20 
2 900367 
2.90091 3 
2.901458 
2.902003 
2.902547 


8002.903090 


1 | 2.903632 
2.904174 
$5444.45 
90525 
2.905796 
6512.906335 
2.90087 3 
2.907411 
2.907948 
2.908485 
2.909021 
2.909556 
2.910090 
(2.910624 
2.911158 
2.911690 
2.912222 
2.912753 
2.913284 
2.913814 
11 2.914343 
2 | 2.914872 
2.915400 
2.915927 
2.916454 
2.916980 


2712.917505 


2.918030 
2.918555 
2.919078 


* 


| 2.898 I 70 


—. 1 i 


I 

2.890581 
2.897132 
2.897682 
2.898231 
2.898780 
2.899328 | 
2.899875 
2.890422 
2.990908 
2.991513 
2.902057 
2.902601 
2.903144 
2.903087 
2,904228 
2.904770 
2,905310 
2,905850 
2.906389 
2.909927 
2.907405 
2.908002 
2.908539 
2.909074 
2.909609 
2.910144 
2.910678 
2911211 
2.911743 
2.912275 
2.912806 
2013332 
2.913807 
2,914396 
2,914925 
2.915453 
2.915980 
2.916507 
2,917033 
2,917558 
2,91 8083 
2, 918607 
2,9191 30 


* 


2 
2.896036 
2.897187 
2.897737 
2.898286 
2.898835 
2.899930 
2.900476 
2 901022 
2.901567 
2.902112 
2.902655 
2.903 198 
2.903741 
2.904283 
2.904824. 
2-905 = 

9059 
2.906443 
2.906981 
2.907519 
2.908056 
2.908592 
2.929128 
2. 909663 
2.910197 
2.910731 
2.911264 
2.911797 
2 912328 
2.912859 
2.913390 
2.913920 
2.914449 
2.914977 
2915505 
2.916033 
2.916559 
2.917085 
2.917610 
2.918135 
2.918639 
2.919183 


2.897242 


f 


2.901622 


Lo 
2.396691 


2.897792 
2.898341 
2298890 
2.899437 

2.89985 
2.900531 
2.901077 


2.902166 
2.902710 
2.903253 
2.903795 
2.904337 
2.904878 
2.05418 
2 909958 
2.906497 
2.907035 
2.907 573 
2.908109 
2. 908646 
2.909181 
2 909716 
2.910251 
2.910784 
2.911317 
2.911850 
2.912381 
2.912912 
2.913443 
2.913973 
2.914502 
2.915030 
2.9155 58 
2.916085 
2.916612 
2.917138 
2.917663 
2.918188 
2.918712 
2.919236 


IS. 
2.896747 
2.897297 


2.898 396 


2.898944 


2.899492 
2. 900039 
2.900586 
2.901131 
2.901676 
2.902220 
2.902704 
2.903307 
2.903049 
2.904391 
2.904932 
2.905472 
2. 906012 
2. 9065 50 
2.907089 
2.907626 
2. 908 163 
2.908699 
2.999235 
2.909770 
2.910304 
2.910838 
2.911371 


2.911903 | 
2.912435 


2.912966 
2.913496 
2.914026 
2.914555 


2.915083 


2.915611 
2.916138 
2.916664 
2.917190 
2.917715 
2.918240 
2.918705 
2 919287 


if 


— — — 
r Ü . ¶ üNI 


—_— 


„ 


3 


* 


from 1 to 10000. 


— 2 %, 
— 


0322 


- 


ä S 


2.897352 


2.89899) 


12.901180 
2901731 


2.903361 


2.916717 
| 2.917243 


| 


2 912488 


8 


2.890802 


2.897902 
2.898451 


2.899547 
2900094 
2.900640 


2.902275 
2 902818 


2.993903 
2 904445 
2.904980 
2.905520 
2. 900065 
2. go66qg |2 
2.997 142 
2,997 680 
2.908271 
2.908753 
2.909288 
2,9098823 
2.910358 
2.910891 
2.911424 
2, 911956 


2913019 
2923549 
2.914079 
2.914608 
2.915136 
2.91 5664 
2.916191 


2.917768 
2 918292 


2.919340 


2,9138816[2 


| 


By 
6 
2,896857 


2.897407 
2,897657 
2. 22 
2.899054. 
2.899602 
2,900149 
2. 900695 
2.901240 
2.901785 
2,902329 
2,902873 
2 903416, 
2,9939,8 
2-904499 
2. 905040 
2.905 5 80 
2.906119 
906658 
2.907290 
2.9977 34 
2.908270 
2 go8807 
2.909342 
2.909877 
2,910411 
2.910944 
2.911477 
2 912009 
2912541 
2.913072 
2.013002 
2914131 
2 914660 
2 915189 
2.915710 
2916243 
2 916770 
2.917295 
2.917820 
2.918345 
918869 
2.919392 


hs 


2.913055 


2.91892: 
2.910444 


E. 
2,8909 12 
2.897462 
2.898012] 2 
2.898 561 
2 899109 
2.899656 
2 900205 
2900749 
2.901295 
2.901840 
2.902384 
2 902927 
2.993470 
2,994012 
2.994553 
2.905294 
2,905634 
2,900173, 
2. 906712 2 
2 90% 250 
2.997787) 
2,908 324 
2.908800! 
2.999395. 
2.909930, 
2 910404 
2.910998 
2,9115 30 
2912063 
2.912594 
2.913125 


2,914184 

2.914713 
2.915241 
2915769, 
2.916295 
2916822 
2.917348 
2.917873 
2.918397 


i 


8 


2.80967 
2.897517 
„89807 
2 898615 
2. ä 
2.899711 
2 900258 
2 9008 04 
2901349 
2 901894 
2, 902438 
2 902981 
2.903524 
2,904066 
2 904607 
2.905148 
2,905688 
2,909227 
2.900766 
2.907 304 
2 9078＋¹. 
2 908 2 908378 
2,908914 


2.999449. 


2 999984 
z2,gIog;15 
2.911051 
2.911584 
2.912116 
2,91 2647 


2 913709 
2.914237 
2.914706 
2.915294 
2.915822 
2.916349 
2.916875|2 
2,9174005]|2 
2.917925 
2, g18450 
2.918973 


2.919496 


]2.91 2702 
2 913178, 


1 


2.897572 


2,898122| 


2.898670 


2.899218 


2.899766 
2.999312 
2.900858 
2.901404 
2.901948 
2.902492 


2. 9030364 
2.903578 


2.904120! 
2.904061 
2.905202 
2.905742 
2.900 281 
2.906820 
2.907358 

2902895 
2.908431 
2.908y07 
2.909 502 
2.910037 
2.910571 
2.911104 
2.911637 
2.912109 


| 


2.912241 
2.913761 


2.914290 
2,9114819 
7.915347 
2.915874 
24910401 
2.516927 
2 917453 
2.917978 


2.918502 


2.919026 
2 919349 


* 


[Dit 
2. 2.897022 | 55. 
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$54 
55 
856 
857 


8 


|. ®. 
2. 91960 


2.920123 
2.920645 
2.927 166 
2 9217686 
2.922206 
2.922725 
nn 
2.923762 
2.924279 
2.924796 
2.925712 
2.925928 
2.926342 
2926857 
2.927370 
2927883 
2.928399 
2.928908 
2.929419 
| 2. 929930 


2.930440 


2,930949 
2 931458 
2.931966 
2.932474 
2 932981 


858 
859 
860 
861 

862 


2.934408 
2.935003 
2 935507 


. 2:9360011 


2.936514 


5 2 937016 


2 937518 


2.93 019 


2.9385 20 


2.939020 


2.939519 
2.930018 


2.9305 16 
2.931014, 


2.933487) 
2.933993 


2.919095 3 
2 920175 
2.920697 
2.921218 
2.921738 
2 922258 
2922777 
2.923296 
2.923814 


| 


2 


2919705 
2 920228 
2.920749 
2.921270 
2 921 790 
2.922310 
2.922829 
2.923348 
2.923865 


292432102 924383 


2.924848 
975364 
2 925879 
2.920394 
2.926908 
2.927422 
2927935 
2.928447 
12928959 
2929470 


2.930491 
2 931090 
2.931509 
2932017 
2.932524 
2.933031 
2.933538 
2.934044 
2.934549 
2.935954 
2.935558 
2.936001 
2.936564 
2.937.606 
2.937568 
2.935069 
an 938570 
2.939970 
2.933569 
2.930068 
2.030565 
2.931064 


_—_— 


2.929981 | 


| 


2.924899 
2.925415 
2.925931 
2.926445 
2.920959, 
2.927473 
2.927986 
2.928498. 
2.929010 
2929921 
2. 9 10022 
2.930541 
2.931051 
2.931560 
2.932008 
3.95275 
2.933082 
2.933588 


2.934599 
2.935104 
2 935608 
2.936111 
2 936614 
2937116 
2.937618 
2.938119 
2.938620 

2.029120 
2 939619 
2.930118 


2.930616 


93494 


3 
2.979758 
2.920280 
2.920801 
2.921322 
2.921842 
2.922362 
2.922881 
2.923399 
2.923917 
2924434 
2.924951 
2.925407 
2.925982 


2.927011 
292754 
2.928037 
2.929549 
2.929051 
2.929572 
2 030083 
2.930592 
2.93102 
2 931610 


2.932626 


2.933133 
2.933639 
2.934145 
2 934650 
2.93515 

2 93565 

2.930162 
2.936664 
2.937167 
2.937668 
2.938169 
2.938670 
2 939770 
2.939559 
2.930168 
2.930666 


2.9311142.9 11163 


2.926497 | 


2.932118| 


4 


— — 

2.9498 10 
2.920332 
2.92085 3 
2.921374 
1.921894 | 
2.922414 


2.923451 
2.923909 
2.924480 


2.922933| 


2.925002 
2.925518 
2,920034 
2.920548 | 
2.9272 
2.927576 
2.928088 
2.928601 
2.929112 
2.929623 
12.9301 34 
2.930043 
29311 
e 
2.932169 
[2-93 2077 
2.933183 
2.933690 
2.934195 
2 934700| 
2.935205 


2.936212 
2 936715 
2.937217 
2.927718 
2.935219 
2.938720 


2 930218 
2.9307 16 


2.9392 20 
2.939719 


51 
51 


Th 
$1 


51 
51 
51 


51 


81 
51 


2.935709 | 


Wu 


84]-2-92b085 


71 2.928 140 


2] 2.929163, 
| $599 2-929974: 


12.9377 27 


2.9337 
| [2.234446 


2.935765 


from 1 to 10000. 


6381 


F 


2.923803 
2 924021 


{2 97453” 
2.925054 
2925570 


2.926600 


2. 9271 14 
2.927627 


2.928652 


2,9301859 
2.932094 
2.931293 
2.93172 
25932220 


2933234 
2 934731, 
20935255 


2935759 
2.936262 


2.937267 


867 
868 
| 869 
870 
871; 
872 
873, 


2.937799 
2.938269 
2.938770 
2.939270 
2.939769 
2940267 
2, 940765 


52923037 


5 


2,9199164 
2.92043. 
2920958, 


2-921998 
2.922518 


2.923555 
2.924072 
2.924589 
2,925 100 
2, 925621 
2 920137 
2.926651 
2927185 
2.927678 
2.928191 
2.928703 
25929214 
2.929723 
2.930236 
2.930745 
293424 
2.931763 
2.932271 
2.932779 
2.933285 
2.933791 
2.934290 
2934801 
2.935300 
2035599 
2 930303 
2 930815 
2 937317 
2.937819 
2.938319 
2 938925 
2.939319 
2.939819 


2.940317 


2,9408 15 


2.921478 


2 934347 


—— 
2, 919907 
2.920489 
2.921010 
2.921530, 
2.922050; 
2.922570 
2.923038 
2,92 3007 
2.9241 24 | 
2.924041 
2.925157 
2.925673 
2.926188 
2,9265702 
2.927216 
2.927730 
2,9283242 
2, 928754 
2.929266 
2 929776 
2.930287 
2,930790, 
2.931305 
2.93181 
2.932321 
2 932829, 
2.933335 
2:93354) 


2.934852 


2.935350 
2.935360 


2,930303 
2.936865 
2.937367 
2.937 869 
2.938370 
2,938872 
2.939309 
2.039808 
2.949307 
2.94086; 


2.941263 


2.941313 
1 


1 8 ö 
— — —— 
== 
2.920541 
2921002 
2921582 
2.922102 
2.922622 
2 923140 
2 923658 
2 924176 
2924503 
2, 925 209 
2925724 
2.926239 
2,9267 54 
2 927266 
2.927791 
2, 928293 
2, 928805 
2.929317 
2.92982 
2 970338 


2930847 
2,9313566 
2.931864 
1932372 
2,9328799 
2.933380 
2:933892 
2.934397 
93490 
2,93 5400 
2 935910 
2.930413 
2.930916 
2.937418 
2.937919 
2.938420 
2.938920 
2.939419 
2.939918 
2.949417 
2.940915 
2.941412 


2,941 362 


hh. 


— 
2.920071 
2.920593 
2921114 
2.921634 


1.922154 


2.922674 
2.923192 
2.9237 10 
2.924228 
2924744 
3 
2.925775 


2.926291 


2.926805 
2.927319 
2.927832 
2.928345 
2.9288 50. 
2.929368 
2.929878 
2,930 « 8 4 
2.930898 


2.934% 


2.931915 
2.932423 
2.932930 
2.933437 
2.933943 
2.934448 
2.934953 
2.935457 
2.035060 


2.930403] 


25936966 
2.937408 
2.937969 
2.938470 
2.738970 
2939469 
2.939008 
2.940467 
2.940965 


| 941467 


. 


———ů— — — - 


* 


0 2 % 


ij... < 352) 


| A Table of Logarithms, 


875 


372 
376 


300 


— 
882 
883 
884 
88 
88 


* No 
374 2 941511 
. 


O 


2.942008 
2.942504 
2.943000 
2 943494 
2. 943089 
2944483 
2.944976 
2.945409 
2.945961 
2.940452 
2.940943 
2-947 434 
2.947924 
2.948413 
2.948902 
2.949399 
2.949578 
2.950265 


2.950851: 
2.951337 


2.951823 


2.952308 


2.952792 
2.953276 
2.953760 


|2 954242 


2.934725 
2.955206 
2.955688 
2.956168 
2 930049 
2.957128 
2.907607 
2.958085 
2958564 
2.959941 
2.959518 
2.959995 
2.960471 
2,96c946 
2.961421 


2. 961895)? 


2.945518 


I 
2 942058 
2.942554 
2-943949 
2.94354 
294403 
2.944532 
2.945025 


2.946010 


2.946501 
2.945992 


2.947483 
2.947973 
2.943462 
2.948951 
2 949439 
2.949926 
293813. 
2 950900 
2.951386 
2.951872 
2952356 
2.952841 
2 953325 
2.95 3808 
2.954291 
2.954773 
2955255 
2.955730 
2,956216 
2.986597 


2.057 176 
2.937055 
2.958134 
2.958612 
2956030 
2.959366 
2.960042] 
2.960518 
2.999594 
2. 961468 
2.961943 


2 942107 
2.942604 
2.943099 
2-943593 
2.944085 
2.944581 
2.945074 
2.945507 
2 946059 


2.940550 


2.947041 


2.947532 
2.948021 
2.948511 
2.948099 
2.949488 
2949975 
2.950462 
2950949 
12 
2.951920 
2.952405 
2.952889 
2.953373 
2.953856 
2.954339 
2.954821 
2 9553093 


2.955784 


2.950264 
2 956745 


2.257224 
2.957703 
2958181 
2958650 
2.959137 
2.955614 
2 9 
2.950566 
2.961041 
2.961516 


2. 961996! 


ig. |; 
2 941011 


2.941660 
2.942157 
2.942653 
2.943148 
2.943643 
2.944137 
2.944631 
2.945124 
2.945616 
2.946108 
2 946600 
2.947090 
2.947581 
2.948070 
2.943560 
2 949048 


2.940024 
2.950511 
[2.950997 
2.951483 
2.951909 
7.952453 
2 952938 
2.953421 
2.95 3905 
2-954387, 
| 2.954369 
2.955351 
2 935832 
2.956312 
2.956792 


2.957272 
2.957751] 
2.958229 
2. 958707 
2.959184 
2 «959661 | 
2 960138 


12. 965g 
2. 961663 
2.951058 


2.949530) 


2. g60613 


72 
2.941710 
2.942206 
2.942702 
2.943198 
2.943692 
2.944186 
2.944680 
2.945 —— 
2.945665 


| 


2.946049 
2.947139 

2,9476030 
2.948719 
2.948608 
2.949097 
2.949585 
2.950073 
2.950660 
2.951046 
2.981831 
2.952017 
2952502 
2.95 2986 
2.95 470 
2.953953 
2.954435 
2.954918 


2.953399 
2.955880 


2.956360 


2.957320 
2957799 
C. 956277 
2.958755 


2.959709 
2.94018; 
2960661 
2 961136 
2.96161 


2.362085 


1 


2.946157 42. 


2.950840, 


2.959232 


from 1 to 10000. 


2.941760 


2.9427 52 


12.944729 
| 2.9457 I 5 
2.946207 
2.946698 
2.947679 


| 2.94865 7 


4 2.050121 


2.951580 


* 


5 


* 


2.942250 


2.943247 
2.943742 
2.944236 


2.945 222 


2.947189 
2.948108 


2.9491 46 
2.949033 


2.950008 
2.951095 


2.95 2060 
2.955350 
2.95 3034 
2.953518 
2.954001 
2.954484 
2.954900 
2.955925 
2.956409 
2.986888 
2.957 308 
2.957847 
2.958325 
2.958803 
2.959280 
2.959757 
2.960233 
2.960709 
2.961184 
2961658 
2.962132 


2.946256 


9 


6 


— — — — 


2 941809 
2.942 360 
2.942801 
2.943297 
2223. 
2.985 
2.944779 
2.945272 
2.945764 


— 


2.946747 
2.947238 
2.947728 
2.948217 
2.948706 
2.949195 
2.94968 
2.950170 
2.950657 


2.951143 
2.95 1629 


2.952114 
2.952599 
2.953083 
2,953566 
2.954049 
2.954532 
25 
2.955495 
2.955976 
2.950457 
2.956936 
2.957410 
2.957894 
2.958373 
2.958850 
2.959328 


2.959504 
2.960281 


2.960756 
2 961231 
2 961706 
2.962180 


„ 


7 


2.941859 
2.942355 
2.942851 
2.943346 
2.943841 
2.944335 
2.944828 
2.945321 
2 945813 
2.946305 
2.946796 
2.947287 
2.947777 
2.948206 
2.948755 
2949244 
2949731 
2.950219 
2950705 
2951192 
2.951677 
2.952163 
2.952047 
2.953131 
2 953015 
2.954098 
2.954580 
— — 
2.955545 
2.950024 
2.956505 
2.956984 
2.957404 
2.957942 
2.958420 
2.958898 
2.959375 
2.959852 
2.960328 
2. 960804 
2.901279 


2.991753 
2.662227 


- | 


2.942405 
2.942900 
2.943390 


2.944384 
2.944877 


2.945370 
2.945802 


2.940354 


2.940845 
2.947330 
2947826 
2.948315 
2.948804 
2.949292 
2.949780 
2.950267 
2.950754 
2 931249 
2.951720 
2.952211 
2.95 2696 
2.953180 
2.953663 
2.954146 
2.954628 
2.955110 
2.953590 
2 950071 
2.956553 
2957032 
2.9575˙¹ 
2.957990 
2.958408 
2.958940 
2.959423 
2.959902 
2 960376 
2.990851 
2.961326 
2.961801 
2.962275 


2.949092. 


2.943890 2. 


2.945911 
2946403 
2.946894 
2 947385 
2 947875 
291395 
2.948853 
2.949341 
2.949829 
2.950316 
2 950803 
2.951289 
2251774 
2952259 
- 952744 
2.953226 
2.953711 
2.954794 
2954677 
2.955158 
295 5045 
2.956120 
2.9566c1 
2.957086 
2.957539 
2.95 3038 
2.958516 
2.955994 
2.95947 
2.959947 
2 900423 
2.960899 
2.961374 
2.961848 
2962322 


2 


_ 4 


* 


9 


( 


354 ) 


A Table of Logarithms, 


977 
918 
919 
920 
921 
922 
923 
924 
925 
926 

927 
928 
929 
930 
931 
932 
933 
934 
935 
936 

937 


938 
939 
940 
941 
942 
943 
944 
945 
940 
947 
948 


No 


8 
2.962369 
2.962843 
2.993315 
2.963788 
2 964260 
2.964731 
2.965202 
2.965672 
2.966142 
2 966681 
2.907080 
2.967548 
2.958016 
2.958483 
2.968950 
2.969416 
2.969882 
2.970347 
2.970812 
2.971276 
2.971740 
2.972203 
2.972666 


2.973128 
2.973599 
2.974051 
2.974512 
2.974972 
2 975432 
2.975891 
2.976350 
2.975808 
2.977266 
2.977724 
2.978180 
2 978637 
2-97 9093 | 
2.979548 
2.980003 
2 980458 
2.980912 
2.981365 


2.981819 


1 
2.962417 
2.962890 
2.963303 
2.903835 
2.964307 
2.964778 
2.955249 
2.965719 
2.966189 
2.966658 


2.967127 
2.967595 
2.968062 
2.968530 
2.998990 
2.969462 
2.969928 
2.970393 
2.970858 
2.971322 
2.971786 


2.972249 


| 


_— 
2.962464 
2.962937 
2.963410 
2.963882 
2 964354 
2.964825 
2.965 296 
2.965 765 
2.966236 
2,956705 
2.907173 
2,96704z 
2,968 109 
2,968 576 
2, 969043 
2.969509 
2.969975 
2.970440 
2.970904 
2.971309 
2 971832 
2.972295 


2.9727121 2.972758 
2.973174 2 973220 


2.973636 2.97 3682 


2.974097 2.9 4143 
2 974538 2.974504 
2.975913 | 2.975064 


2.975478 
2.975937 


2.977312 


2 977709, 


2.978226 
2.978683 
2.979138 
2.979594 
2.980049 
2.980503 
2.980957 
2.981411 


1 


| 


2.975524 
2.97c983 


6: 2.976442 


2.976900 


2,977 358 
2.977815 
2.978272 
2.78728 
2.979184 
2, 979639 
2.980094 
2.980549 
2 981003 
2 981456 
met 


3 


2,902511 
2,962985 
2,963457 
2,90 3929 
2,96 4401 
2.964872 
2.905343 
2,995813 
2,966283 
2.966752 
2.907220 
2,967688 
2,968 156 
2,908623 
2.969090 
2.969556 
2, 70021 
2, 970486 
2.970951 
2,971415 
2,971 879 
2-972342 
2.97 2804 
2,973266 
2.973728 
2,974189 
2.974650 
2,975110 
2975570 
2, 976029 
2, 976487 
2, 976946 
2.977403 
2 977861 
2978317 
2.978774 
3.979230 
2.979685 
2.980140 
2.980594 
2.981048 
2.981501 
2.981954 


7 55 


2.962559 
2.963032 
2.963504 
2.963977 
2.964448 
2.964919 
2.965390 
2.965860 
2.960329 
2.966798 
2.967 267 
2.967735 
2.968203 
2.968670 
2 969136 
2.969602 
2.979533 
2.970997 
2.971461 
2.971925 
2-97 2388 
2.972851 
2.973313 
2.973774 
2.974235 
2.974696 


2.975616 


2.976075 
2976533 
2.076991 
2 977449 
2.977996 
2 978303 
2.978819 
2 979275 
2.9797 30 
2.980185 
2.980640 
2.981093 
2.981547 


| 


2.975150 


2. 98 2000 


from 1 to 10000. 


( 355 ) 


— 


4 


2.963079 
2.463552 
2.964024 
2.954495 
2.964966 
2.905437 
2.965907 
2.966376 
2.966845 
2.967 314 
2.967782 
2.968 249 
2.968715 
2.969183 
2.969649 
2.970114 
2.979579 
2.971044 
2.971508 
12-971971 
2.972434 
2.972897 
2.97 3359 
2.97 3820 
2.974281 
2.974742 
2.975 202 
2.975661 


62.976121 


2.976579 
2.977037 


2.977495 
2.977952 
2.978409 
2.978865 
2.979321 
2.979776 
2.980231 
2.980685 
2.981139 
2*981592 
2.982045 


2.962606 


Hor" 


2.963126 
2.963599 
2.964071 
2.964542 
2.965013 
955484 
2.995954 
2.966423 
2.966892 
2.967301 
2.967829 
2.968 295 
2.968763 
2.969229 
2.969695 
2.970101 
2.970626 
2.971090 
2.971554 
2.972018 
2.97 2480 
2.972943 
2.973405 
2, 973866 
2.974327 
2.974788 
2.975248 
2.975707 
2.976166 
2.97662 5 
2.977033 


2.977541 
2.977998 
2.978454 
2.978911 
2.979366 
2.979821 
2.980276 
2.980730 
2 981184 
2 981637 
2.982060 


2 962653 


Lad 
2.902701 
2.963174 
2.963646 
2.964118 
2 964590 
2.965060 
2.965531 
2.966001 
2 966470 
2.966939 
2.967408 
2.967875 
2.968343 
2.968810 
2.969276 
2 909742 
2.970207 
2.970672 
2.971137 
2 97 1620 
2.97 2064 


2.972527 
2.97 2989 
2.973451 
2 973913 
2.974373 
2.974834 
2.975294 


2.976212 


2 976671 
2.977129 


2.977580 
2.978043 
2.978500 
2.978956 
2.979412 
2.979867 
2.980322 
2.980776 
2.981229 
2.981683 
2.982135 


8 
2.962748 
2.963221 
2.963693 
2.964.165 
2.964637 
* 108 
2.905578 
2.966048 
2.966517 
2.966986 


2.967454 
2.967922 
2968389 
2.968856 
2.969323 
2.969788 
2.970254 
2.970719 
2.971183 
2.971647 
2.072110 


2.972573 
2.97 3035 
2.97 3497 
2.973959 
2.974420 
2.974880 
2.975340 
2.975799 
2.976258 
2.976717 
2.977175 
2.977632 
2.978089 
2.978540 
2.979002 
2.979457 
2.979912 
2 980367 
2.980821 
2.981275 
2.981728 
2.982181 


4 


2.992795 
2.963268 
2.963741 
2.964212 
2.964684 
2.965155 
2.965625 
2.966095 
2.966564 
2 907033 
2.967501 
2 967969 
2 9684.36 
2.968903 
2.969369 
2.969835 
2.970300 
2.970765 
2.971227 4 
2.971693 
2.972156 
2972619 
2.973082 
2.973543 
2.974005 
2.974466 
2.97 4962 
2.975386 
2.975845 46 
2.976304 
2.976702 
2.977220 


2.977078 
2.978135 
2.978591 
2.979047 
2.979503 
2.979958 
2 980412 
2.980867 
2.981320 
2.981773 
2:982226 


Dif 
47 
47 
47 
47 
47 
47 
47 
47 
47 
> 4 
47 
47 
47 
47 


— 


—— 


* 


* 


— 


A Table of Logarithms, 


[2-985 
2. 985324 


+ 


12.983175 
z. 98360 
2.984% 
| 9 984527 
2.984977) 
'2 985426 


1 


2.982316 


2.982769 
2.983220 


2.983671 
e 


2.984572 
2.985022 
2.98547 T 


b 


[2.986772 
2.987219 
2.987669 
2.988113 


2.9885 59 
2.989005 


62.989450 


2.989895 
2.990339 
2.9907 83 
2.991220 
2 99069 
2 992111 
2.992553 
2.992995 
2.993430 
2.993877 
2.994317 
2994757 
2.995190 
2.995635 


2.990074 


2.990512 
2.996949 
2.997386 
2 997023 
2.998259 
2.998695 


92.999130 


2.999505 


þ 


2.085920 
2.986369 


— — — 
2 9845 


2.987204 | 2 


2.987711 
2.988157 
2.988003 
2.989249 
2.98949 + 
2.989939 


2.990827 
2.991270 


7 


1 . 

2.982302 
2.982814 |2 
2.983205 
2.983716 
2 9841672 
2.984617 
2.98 5067 
2.9855 16 
2.985965 
2,3689413 
2.986861 


2,987750 


2.989539 
2.959983 


2.990383 2.990428 


by 970871 
2.791315 


2.991713 2 


2.99258 
2 993039 


2.9934. 2.993524 
2. 5993921 2 993965 


2.99 7801 
2.995 240 
2 993079 
2.996117 


2.997430 


2.999174 | 
2.999602 


2.990555 
2 990993 | 2.997937 


2.991757 


2.992156| 2.992200 
[2 992042] 2 


2993083 


2.90436 2.9 . 


2 994845 


2.995284 


2.995723 
2.999111 


957309 
2, 988202 
2,9388648 
2.989094 


|_3 
2,982407 
2,9 2859 
2,983310 
2,983762 | 
2,984212 


2.985112 
2,985 561 
2, 986010 
2.986458 
2.486906 
2,987353 


2,988 247 
2.988693 
2,9897138 
2, 989583 
2, 990028 
2.990472 
2, 9909 16 
2221382 
2, 991802 
2.992244 
2, 992080 
222735 
2,9973568 
2.994009 
2994449 
2, 994889 
2.995328 
2, 995707 
2, 996205 


© 99" 399 


\ 2 997474 


2.997807 | 2-997910 
2.998 03 2.998345 
2.998739 2 908782 


2,9992ʃ8 


2.999559 


2.996643 
2.997080 
2.997517 
2.997954 
2. 998390 
2.998826 
2.959261 
2979596 


2.984662 | 


2,987800 


3 


2.982452 
2.982904 

2.983356 
2.983807 
2.984257 
2. 984707 
2.985157 
2 ge i 
2.98605 5 
2086503 


2.986951 
2.987398 
2.987845 
2.988291 
2 988737 
2.989183 
2.989628 
2.990072 
2.999516 
2.990960 
2.991473 
2.991845 
2.992289 
2.992730 
2.993172 
2.993013 
2.994053 
2.994493 
2.9949 3 
2.995372 
2.995811 


2 996087 
2.997124 

2957561 
2 997998 
2 998 434 
2.998869 
2.909305 
2.999739 


2.096249 


from 1 to 10000. 


( 357 ) 


— 


2.982949 
2.983401 
2. 983852 
2.984302 
2.984752 
2.985 202 
2.985'51 

2,986100 
2 2.980548 


2 986995 
| 2:937443 


2.987890 


2.988336 


2.988782 
2.989227 


2,989672 
2.990117 
2 990561 
2.991004 
2-991448 
2.991890 
2 992333 
2.992774 


2.993657 
2.994097 
2,994537 
2,994977 
2 995416 
2-99 5954 


22-1 .990 9293 


2.9967 35 
2.997168 


2.997605 


2.998041 
2 998477 
2,998913 
2.999345 
2.999783 


2.982497 


2.903216 


” 


| 


6 


2.982543 
2.982994 
2.983440 
2.983897 
2.984347 
2.984797 
2,985247 
2.985696|2 

2,980144 
2 2 986593 
2,98 040 

2,987487 
2 987934 
2,988381 
2.988826 
2.989272 
2.989717 
2.990161 
2, 990605 
2.991049 
2.991492 


Z. 991934; 
2992377 
2.9928 18 
2.993260 
2.993701 
2.994141 
2.994581]2 
2.995021. 
2 995 460 
2.995898 
2.996336 
2.990774 
2.997212 
2 997648 
2 998085 
2.998521 
2.998950 
2.999392 


| - | 
2,9825 88 
2.483040 
2.983491 
2.983942 
2 934392 
2.984842 
2-985 292 

2,955 741 
2.586189 
2. 986617 


2.957085 
2987532 


2.98797 | 


2,988425 
2.988871 
2.989316 
2,989761 
2.99020 
2 990650 
2991099 

2,9901536 
2991979 
299242142 
2.992863 
2.993304 
2.993745 
2.994185 

2,9946253 
2.995064 
2.995504 
2.915942 
2 966380 
2,990818 
2.997255 
2.997092 
2 998128 
2.993.04 
25099000 
2.999435 


2.999826 


2.929870 


8 


2.952033 
2.98308 5 
2 953530 
2 953987 
2 984437 
2 934887 
2,985 337 
2 985786 
2.480234 


2.98668 


2.987130 
2997577 
2 988024] 
2.98847: | 
2,983g1; 
2 989361 
2,948980C 
2 999250 
2.9y0694 
2 $9113; 

2,99" 550 

2,992023' 


2 993346 
21993789 
2 994229 


2 99466, 


2,995108 
2.935547 
2995985 
2 990424 
2.996802 
2.997299 


2.997736 


2.998172 
2.998608 
2.999043 
2.999478 
2.99991 3 


2.992405 
2.992907 


2.98 2078 
2.943130 
24903501 
2.984032 
2.984782 
2.98493: 
2.985382 
2.985 530 
2. 18829 
2 089727) 4 
2.987174 4 
2.987622 
2.985028 
2.98851", 
2.98890. 
2.98405 
2.989850 
2.990294 
2.990735 
2.991182 
2,991h25 
2. 992007 
2.99250. 
2.942951 
2.997392 
2995833 
2.994273 
2.99471. 
2.995152 
2.995 591 
2.99003 
—. 
2.990905 
—993743 
2.997779 
2.998216 
2.99805 7 
2.999057 
2.999522 
2757 


[Dif 


122 A * 


2.3 


(358) 


A Table of Artificial Sines, 


o Degree. 


— — 


60 I . 


N 


E 0.090000 
116.403720 
216.764756 
36.940847 


| 


7.065786 


10,00000010-0590000 


9-99999910-463720113.530274 
13.235244 
13559153 
9.999999[7.065786112.934214 


9.999990 
9.999999 


Infinite. 


( Secant | 


I 0.000000 


6.764756 
6.940847 


57. 162690 
67.241877 
77. 308824 
87.3668 16 
_917-317968 


9-999999]7-102090112.837304 
9.99999917-241878[12.758122 
9.999999 7.308825][1 2.691175 
9.999999 ·3668 1712.633183 
9.99999917-417970[12.582030 


107.4603725 
117.505 118 
27.542907 
1307.577668 
147. 609863 


9.999998 463727/12. 530273 
9. 99999807. 505 120012. 494880 
9.999997 · 5429091 2.45 7 091 
9.999997. 577572012. 422328 


157.6398 10 
1607.667844 
1777.694173 
1807.718997 
1917-7 4247* 


9. 9099967. 6098 571 2. 390143 


9. 9999907. 639820012. 360180 
9. 9999957667 84901 2.332151 
9. 99999507 · 5941791 2.305821 
9. 99999477 1900301. 28099 
9. 9999037. 7424841 2.257516 


2007.764754 
21.785943 
227. 806146 
237825451 
2407843924 


9.999993 704701 
9. 999992778595 
9.999991|7-806155[12.193845 
9.9999 90% 82546012. 174540 
9. 9900897. 84304412. 156056 


257.8910602 
20.878695 
277. 895085 
28.910879 
29.926119 


307. 940842 


4% 


9.99998 8% 861674 12.138326 
9. 9999887. 878708]12.121292 
9. 9999877. 895 0992. 104901 
9. 9999867. 91089412. 089 106 
9. 999984792613. 
9. 99998307. 94085 8012.059142 


tut Tangent 


12.235239 
12. 214049 


12.07 3860 


I 0. 000000 
1 0.000000 
10.000000 
10.000000 


10.000COD 
I0.000001 
I 0.000001 
10.000001 
lo. 000001 


'/\ 
W 


Infinite. 


13.362749 
13.23524458 
1305915357 
323421456 
12.837 30453 
12.758123 54 
12.691176; 
1263318452 
12. 58203251 


— 


| 


10.00000 2 
10.000002 
10.000003 
10.002003 
10.000C004. 
1000004 
10.000095 
10 000005 
10.000.06 
10.000007' 


12.536275150 

12.494882149 
12. 45 7093005 
12.422332ʃ047 
12. 390 147/40 
12 300184045 
12.332156044 
12.305 82743 
12.281003 
12.287522 


7 
8 TT» £ 


10.000007 
10.c0008 
Io. 0COOOg 
10.00001]O 
10.000011 


10. ooo 12 
10.000912 
10.00001 3 


' 
* 


— 


12.235 24614" 
12.214057 
12.193854 
12.174540 
12. 166066036 
12.138338 
12.121305 
12.104915 
o. oo 1412.089121 
o. ooo 16 12.07 3881 


e 


Secant 


89 Degrees. 


—_ y—_ 


Tangents and Secants. 


(399) + 


"7 
38 
39 


30 7.940842 


o Degree. 
4 a | — 
eo. {ra [Tangent [> 21.124 
* 


9:999984[7-940858|11.059142 
9.99998217-955 100 1.044900 
9:99, 981 7. 9688891031111 


9.9999 80%.982253(11.01774) 
19-9929975G17-995219]11.00478 1 


8. 043501 
3.054781 


8.144953 
8.153908 


8 135810 


9.99997 718.007 8091.992191 
9-9999761j8.020045|11.979955 
9-99997 513-031945|11.96805 ; 
9-999974[8.043527|11.956473 
999997 218-054809/11 945191 


9.99997 108.585 8061.934194 
9.999969 08.0765 31.1 1.923469 
5.999968 8.586% 11.91 3c 
9. 999900 8.097217;11.902783 
9.999995418.107202/11.892798 


9.99996318.116963/11. 853037 


19-99996118.126510/11.873490 


9.99995 98.135851 854149 
9-99995818.144996 11.855504 
9.999956(8. 15395211. 840048 


88.162681 


8.171280 
8.179713 
8.187985 
8.196102 


9-99995 4'8. 192727 11, $37273 
9.99995 218. .171328/11. .828672 
9-99995018.179703 11.820237 
9-9999481[8.188036{11.811964 


9.9299 46[8.196156\11.802844 


$.20407c 
8.211895 
8.219581 
8.227134 
8.234557 
8.24185 5 


9. 9999448. 204126 11.795874 
9.99994 218.21 1953/1 1.788047 
9.99994018.219641j11.780359 
9-99993818.227195|11 772805 


9-999930[3.234921|11.763379 
2-999934[8.241922|[11.758078 


* : 8.2 


— #4 
Sine Ba 7 Tangent 


10.00005 4 


| Secant 


10,020C15 

0.00001 3 
io. ooo 
192.002020 
10. 00002 ([12.00430 


10.00002 3 
10.9COI24 
10.000025 
10.000020 
10.000928 


10,.000029 
o. ooo 
10.,0.0032 
10.02003 4 
10,0000; 6 


10.0000 37 
10.000039 
10.0094 1 
1009004 2 
10.000044 


10.00004C 
10 000048 
10,-02050 
10.0200; 2 


10.000256 
to. ooo 
i o. ooo060 
10,000002 
10 000004 
10,0000*6 


P 


12.059155 
12.044918 
12.031130 
12.017707 
12.004802 


11.9922 7 992213 
11.979979 
[1.90508 1 
11.956499 
11445219 
11.934224 
11.923590 
11.902847 
11.892833 
11.853074 
11.873529 
11.804190 


11.855047 
11.845092 


11.837319 0 
11.828720 
11.820287 
11.812013 
11.808598 
79599 
11.788105 
11.780419 
11.772866 


11.705443 
EY 


Secant 


WT 17" Fi 


— ele 02 


—— 


— 


No 


89 | Degrees. 


| 
| 
Ms 


[ 
| 
| 


A Table of Artificial Sines, | 


1 Degrees, 


do ow ow 's w 8 = out 


ww 
2 — 


13 


„ 
| 


4 


S 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


3 


Sine 


8.24185 5 
8.249533 
8.256094 
8.263042 
8.209881 
8.276014 
8.283243 
8.289773 
8.296207 
8.302546 


8.308794 


8.314954 
8.321027 


8.327016 
8.332924 
8.338753 
8.344504 
8.350180 
8.355783 
8.301315 
8.366777 
8.372171 
8.37749 
8.382762 
8.387962 


9-999934 
9999932 
9.999929 
9.999927 
9.999925 
9.999922 
9-999920 
9:999917 
9-999915 
9999912 
9.9999 10 
9.999907 
9.999909 
9.999902 
9.999999 


9.999997 
9.999994 
9.999991 
9.999988 
9.999985 


Tangent 


Secant 


8.241921 
8.249102 
8.250165 
8 263115 
8.269956 
8.276091 
8.283323 
8.289856 
8.296292 
8.302633 
8 308884 
3.315045 
8.321122 
8.327114 
8.333025 
8.338856 
8.344610 
8.350289 


3.355895 
8.361430 


11.758079 
11.750898 
11.743835 
11.736885 
11.730044 
11.723309 
11.716677 
11.710144 
11.703708 
11.697367 
11.691116 
11.684954 
11.678878 
11.672686 


11.606075 
11.661144 


11.65 5389 
11.6497 10 


11.644105 
11.638570 


9.999982 
9.999970 
9.999976 
9.999973 
9.999970 


8.366894 
8.372291 
8.377622 
8.382889 
8.388092 


8.393101 
8.398176 
8.403 190 
8.408 161 
3.413068 


8.417919 


9.999967 
9.999964 
9.999961 
9.99958 
9.999954 
9.999951 


8393234 
8.398315 
8.403338 
8. 408 304 
8.413213 
8.418068 


Secant | 


11.033105 
11.627708 
11.622378 
11.617111 
11.611908 
— — 


11.606766 
11.601685 
11.596662 
11.597696 
11.586787 
11.581932 


10.000066 
10.000068 
10,00007 1 
10 000073 
ro. ooo 


11.758145 
11.750967 
11.743906 
11.736958 
11.730119 


10.000078 
10.000080 
10,0c0082 
10.000085 
10.000087 
— town” þ 


10.000090 
10.0009 3 
10,00009; 
10,000c098 
10.000001 


10.000103 
10,000106 
io. ooo io 
10.000112 
10. ooo0115 


10.000118 
10.000121 
10.0001 24 
10.0001 27 
10.0001 30 
10,000133 
10.0001 30 
10,000139 
10.000142 
10.000 140 
10. 000 149 
— 


Tangent 


11.723386 
11.716757 
11.710227 
11.703793 
11.697454 
11.691206 
10.68 5046 


11.678973 
11.672984 


11.761247 
11.65 5496 


11.6498 19 
11.644216 


11.638685 
11.633223 
11.627829 
11.622501 
11.617238 


11.606899 
11.601821 
11.596801 


11.591839 
11.586932 


Secant 


11.667076]40 


11.612038130 


11.58 2081 


88 Degrees. 


—_— 


© $ 


* 


Tangents and Secants. 


1 Degree. 


Sine 


8.417919 
8.422717 
8.427462 
8.432156 
8.436800 


9.99985 


9.999848 
9.995844 
9.999841 
9.999838 


Tangent 


841806877 1.581932 
8.422869 1.577131 
8.427618 11572382 


8.432315 


8.436962 11.563038 


3568-441394 
8.445941 


8.48009: 


9.999834 
9.999831 
9.999827 
9.999823 


i 22299820 


9.999816 
9-999812 
9.999809 
9.999805 
9.999801 


8.441560 11.558440 
8.440110 11.55 389 


8.450613 
8.455070 
3.45948) 


7588.484848 
8.488903 
8 493040 
8.497078 
8. 50 1080 


9.999797 
9.999793 
9.9597 
9.999786 
9.909782 


5.595045 
8.508974 
9.512867 
8.5 16726 

8.5 205 1 
8.524343 
8.526102 
8.531828 
535523 
8.539186 
8.542819 


9.999778 
9.999774 
9.999769 
9.999765 
9.999761 
9.999757 
9.99075 
9.999748 
9.999744 
9.999740 
9.99973 


Sine 


8.543034 


8.453849 771.5351 51 
8.468172 11.531827 


8.47 2454 
8.476093 


5.4 80892/1 1.519108 
8.485950 11.51494; 
8.489172 11.5 108 z0 
11 506750 
11.502707 
11.498702 


11.494733 
1.490800 
11.486902 
11.483039 
11.479210 
11.475414 
11.471551 


8.493254 
8.497293 
8.501292 
8.505 267 
8. 509 200 
8.5 13098 
8.516961 
3.520790 
8.5 24786 
8.528319 
8.5 3 2080 
8.535779 
3.539447 


Ann.... 


11.567685 


Secant 


10.0 0149 


0.000152 
10. oo 156 
19.00015,, 
10.000162 


11.405016 


— r— — — 


11.549387 
11.544930 
11.540519 


10.000 166 


10.000166 
10. 00173 
to. oↄ177 
10. 00 180 


11.527546 
11.523307 


10.000184 
10.000188 
10.C00191 
10.00019c 
io. oo 199 


. 000203 
10,000207 
10.020210 
19. oO00214 
0.000218 


11.407920 
11.464221 


11.460553 


Tangent | 


10.000222 
10.0002 26 
10.c02231 
10.0-0235 


0. 000239 


10.0c0243 
10,0002 47 


[0,00025 = 


10.000255 
10 000290 
10.000205 


4l. 


11.582081 

11.577283 
11.572638 
11.567844 
11.563 2c0 


558606 


11. 
11. 
11. 
11. 


554059 
549560 
545107 
11. 540099]21 


[1.530335 


11. 
11. 
11. 
11. 


527737 
523502 
519307 


532015119 


11.515152 
11.511037 
11.506960 


11.502922 


11.488920 


11.494955 
11.491026 


11.487133 
11483274 
479449 


11.475057 
11.471898 


[1.468172 
11.464477 
[1.400814 
11.457181. 


| 


Secant 


88 Degrees. 


23 — — cuffs tw > 


0 22 


[v1] 5 - 8.w + | ow wo 


—  m—__— * 


| 


** Mi. 


A Table bf Arificial Sines, 


—_ 


2 Degrees. 


ws - o ur] 


oo 
* 
wo 
may 
oo 
+> 
N 
N 


I 


8.621952 
8.624965 
8.627948 
8.630911 
8.033854 
$.636776 
8.639680 


999735 
9999731 
9.999727 
9.999722 
9.999717 
9.999713 
9.999708 
9.999704 
9.999699 
2.99594 
9.999689 
9.999685 
9.999680 
9999675 
9.999670 
9.999005 
9.999660 
9.999655 
3-999650 
9-993045 
9.999040 
9.99963; 
9.999629 
9.999724 
9.999619 


[Tangent | 


Secant 


8.543084 
8.546591 
8.5 50268 
8.553817 
8.557330 
8.560828 
8.564291 
8.567727 
8.571137 
8.574520 
8 577877 
8.581208 
8.584514 
8.587795 
8.591051 
8.594283 


8.597492 
8.000677 


8.6038 39 
8.600578 
8.610094 
8.613189 
8.616262 


8.619313 
8.622343 


11.442664 


11.435709 


11.428863 
11.425480 
11.422123 
11.418792 


11.408949 


11.399323 


11.393022 


11.383738 


11.456916 
11.453309 


11.449732 
11.446183 


| 


11.439172 
11.432273 


11.415486 
11.412205 


11.405717 
11.402508 


11.396161 


11.389906 
11.386811 


11.380687 
11.377667 


10. 000283 


10.0003 JO 


10.000265 
10.00026g 
10,000273 
10 000278 


10.000287 
10,000292 
10,000290 
10.000301 
10.000306 
10,000311 
10.000315 
10,000320 
10,000325 


10.000335 
10,000340 
10.000345 
10. ooo3 50 
10.000355 


10.000360 
10. oco365 
10.000371 
10.000376 
10.000381 


9.999014 
9.999608 
9.999603 
9.999597 
9.999592 
9.999587 


8.625352 
8.628340 
8.63 1308 
8.634256 
8.637185 
8.640003 


Secant 


Tangent 


11.374648 
11.371660 
11.268692 
11365744 
11.362815 
[1.359907 


10.00041 3 


10,000386 
[0.000292 
10.000397 
10.090403 
10,0094.08 


11.457181 


11.453578 
11.455 


11.446461 


11.439460 
11.430001 
11.432569 
11.429164 
11.425786 
11.422434 
10.419108 
11.415807 
11412531 
11.409279 
1 1.4060; 2 
11.402848 
11.399668 
11.396511 
1393327 


11-442945]50 


11.380266 
11.387177 
11.384109 
11.381063 
11.378038 


11.375035 
11.372052 
11.369089 
11.356145 
11.363224 
11.360320 


Secant 


87 D 


egrees. 


— 


* 


&. 


Tangents and Secants. 


( 363 ) 


7 


2 Degrees. 


_” 


a. 


Sine 


Tangent | 


,651102, 
8,65 3911 
8,0566902 
$,059475 
„662230 
8.664968 


8,6396809, 999580 8, 040093 
3,6425639, 999581 
8.645428 9,9995 75 
5,5482749, 999570 8, 48704 
9.9995 48.651578 


8.642982 
8.645853 


9.9995 5808,654352 


97999553 
97999547 
97999541 
2099835 


8,0067689 
8,6703093 
8,67 308 


8,675751 
8,678405 


8,057149 
8,0;9928 
8,66208g 
8,605433 


11,359947 10,0004 14 
i(1,35701<[10,000419 
115354147, 00425 
11,35 1296 10, 00430011, 35 726 
11, 3484020, ooo 36 


Secant | 


11,360320 
11357437 
13857. 


11,342851 
155340072 
11,33731¹ 
11,334507 


9,99952918,608100 
9,9995 24'3,670870 


019-9995 1 8'8,67 3503 
9,999512 


8,676239 


9,999506(8,078920 


8,68 1043 
8,6686272 
8,0688863 


48.691438 


8,6699073 


8,6965 43 


8,7011589 
8, 704090 
8,706577 
$,709049 
8,711508 
3,7 13952 
8,7 16383 
8.718800 


9,9995008, 681544 
9,99949413,684 172 


9,999487 
9,999481 
97999475 


8,686784 
8,689381 


9,9994698, 6945 29 


9, 999462 


8,697081 


9,9994568, 699617 
9,9994508, 702139 


2222444482446 


9999437 
97999431 


8,707 139 
8, 709619 


9,9994248, 7 12083 
9,99941818,714535 


9,999411 
9,999404 


Sine 


8,716972 
8,7193906 


11,331840 


11,345648 10, 00442 
10, 00447 
10,000453 
10,00045 9 
10,020495 
10,00047 1 
11,3291 30[10,000476 
11,320437[10,000482 
11,323761[10,009485 
11, 32110010, 00404/11,32159; 


11,315828 
11.313216 
11,3:0618 


222 1, 3080 37 


11305471 
11, 302919 
11,300383 
11,297861 
11295354 
11,292801 
11,290381 
11287917 
11,285465 
11, 283028 
11,280604 


Wi 


Tangent 


11, 31845610, o00 5001 1, 318957 
10,000506 
10,000513 
10,000519 
10,0205 25 
10,0007 31 
10,0005 38 
10,0055 44 
10,000550 
10,000556 
10,000563 
10,00056q 
10,0005 76|11,288492 
10,000582 
10,000;83 
10, 0099 


11, 346089 
11.343298 
11.340525 
11,337770 
11335032 
11,332311 
11,329607 
11,326920 
1324249 


| 


11,316335 
11,313728 


11,311137 
11,3085602 
11,3< 6002 


11,303457 
11,300927 
11,298411 
11,295910 


11,293423 
11290951 


11.286048 
11.283617 
11.281200 


| 
(ho 199290126 


Secan t 


* 


87 Degrees. 


2 — 7 _ 


5 


A Table of Artificial Sines, 


3 Degrees. 


| 


4118.744536]9.999325]8 


Sine | | Tangent 


oſ8 71880009. 99944 3.719390 11.280604 
168.72 1204.999398. 21800011278 194 
 2[8-72359519-99939118-724203|11.275797 
' 318.7 2597219-99938418.720588[11.27 3432 
 418-72833719.999378[8.728959}11.27 1041 
18.7 3008819.99937 8.7337 11.208683 
 613.73392719.9993648.733063|11.266337 
718.735 35319-99935 713-7 35990[11.264004 

689.9993508 738317111,261683 
913.7 3996919-999343]8 749020[11.259374 
þ10[8.74225919.999336]8.742922|11. 257078 
745207/11.254793 
128.7468020. 99932208.747479 11.252521 
13 -74395519-99931513-749740|11-250260 
14 75129719 99930818 75108911248 011 


-75352819.99930118.754227111-245773 
1t[8.755747]9-999294[8.750453/11-243547 
11713 75795 3[9-99928018.758668[11.241332 
15j8.700151[9.999279]8.700872[11.239128 
15918 702 '3719.999272[8.763065111.230935 


8 70451119.999205 


8.705245111.234754 
8.76667519.99925718.767418|11.232582] 
8.70882719.993250]8 7659578011. 230422 
8.7709. 99o24268.771227/11.228273 
8.77319119-99923518-773800 11.226134 


, 1 
| Sine | 
5 _— - Ro — p 


4. 


515-77 522319-99922718.775995|11.224005 
618.777 33319-99922018.778114[11.221880 
27.779434. 99921208 789222111.219778 
2808.781524 9.999205 8 782320ʃ1 1.217680 
2908.7 836059. 999 1978.784408 p 1.215592 


30 8.78867 89.999 18.8.7868 


11.213614 


Secant | 


Tangent 


10.000596|11.281 200; 
10.000602|1 1.278796 
10.000609]1 1.276405 
10.000016|1 1.274028 
10. 0922011. 221663 


10. 0006291 1.269312 
10. oo06 301. 266973 
10. 00064311 1.264647 
10. 0006501 1.262332 


10. 06571 11. 260031 
10. 006630 ¹ 257741 


10.000671 1.255464 
10.000678[11.253198 
10.000685;[11. 250945 
10 o00592J11. 248703 
10. oo0699 11. 240472) 
10.000706]1 1.24425 3 
10.0007 1401 1.242045 
10.000721|1 1.239849 
10.0007 28[11:23766z 


10.000735}11 235489 


10.000743|I1. 233325 
10.000750[11.231173 


10.00075 8|11.229030| 
19.000765|1 1.226899 
—— OY RS < 


10.000773[1 1.224777 
10.0007 8011.222667 


10.0007 8811. 220566 
10 0£0079;|[11.218476 
io. oo 80311. 216395 
10.000811011.214325 


| Secant| 


83 Degrees. 


i — —_— — Ad 


| 
| 
| 
| 


_ 


— — VTric.oeaMT 2A - 1 


a IMp Me oth ao tnerneilss a. # . 


'Tangents and Secants, 


3 Degrees. 


Sine 


OTA | 


8, 185075/9,99913g8 
3,787 730 9,999 181 
$218,789787 94999174 

3,791828 9,999166 
9999155! 


8,780486 
8,788554 
8,79001 3 
8,792662 


8.79881 
8,797 894 
8,79 8% 
3,8918972 
8. 803876 
4018, 805 852 
8, 8078 19 
3.809777) 
3,311726 
8,81.3667 


9,999150 
99991428 
94999134 
97999129 
97909911 8 


95999110 
959599102 
95999094 
9,9099086 
97999077 


8.796731 
98752 
8, 800703 
8, 802765 
8, 804758 


8.704701 


11,2135 14 
11211446 
11,209387 
11,207338 


11,205299 


Secant | 


10,0COS11 
10,000819 
10,000820 
10, 00834 
10, 00842 


11, 203269 
11201248 
17,199237 
11597235 
11195242 


10, ooo 350 
10, ooo8 58 
10, 00866 
10, 00874 
10, 000882 


8, 806742 
3, 808717 
8, 810683 
8,8 12641 
8,8 14589 


68.515398 
3, 8175220 


8 5810430 
f 5821343 


8,825 135 
8.827011 
8828883 
9,8307249 
8,8 32607 


9,9959069 

299001 
9,99905 2 
97997044 
293. 8, 823240, 999036 
95999027 
9,999019 
9,996010 
97999002 
9,998993 


8,8105 29 
8,818401 
8, 820384 
8,8 22298 
8, 824205 
8,3826103 
8827992 
8.829874 
8,8317459 
2, 832612 


8.834456 
8,8306297 
8,838 130 
3,5 9954 
8.841774 
0008, 843884 


Sine 


9,998 384 
9,9098970 
9,998 67 
9.998958 
9,9908950 
9,998941 


3,835 447! 
8,837321 
8,83916; 
5, 84009 
3,842825 
3,3844644 


| 


11,193258 
tt,191283 
11,189317 
11,187359 
11,185411 


11183471 
11181539 
11,7966 
11177702 
115125795 
I1,17 3897 
11,1720c8 
11,170120 
11,163252 
11,165467 
11,104579 
t1,162679 
t11,100337 
11,159002 
I1,157175 
il,155250 


Tangent 


10,000890 
10,000895 
10,000906 
10,00091 4 
10,C00923 
10, 00931 
10,0009 36 
10,000 348 
10,000950 
I 0,02u959 4 


10,00097 3 
10,00098 | 
to, oo 99 
10,0-0998 
to, ooo 
to, oc 1016 
10, 001024 
10, 0103 
10, 01042 
10, 0 1050 


— — — 


10, oog 


11214325 
11212204 


11210213 
115208172 
11.206141 


11204119027 


11, 202106 
11, 200103 
11,198 108 
11,196124 
111941438 
11192181 
11,190223 
11188274 
11,180333 


11,184402 
11,182478 
11,1805604 
11,178657 
11,1767£t0 
11,174870 
11,17255g 
11,171:16 
(1109251 
11, 10739 | 


11,1655 44) 
11, 1063703 
115161870 
11.160044 
11.158226 
11.156416 


| 


| Secant | 


100 


—— —- — — 26 — 


86 Degrees. 


A Table of Artificial Sines, 


— 


8 \© 0 © w FRETS w — O Lui 


mm wo 
+ ww 


_ 
— 


2 


to 
VI 


OO —— — — — —— — — 


8.86645 5 
8 868165 


8.869808 


8.871565 
8 873255 
8.874938 
8.876615 
8 878285 
8.875940 
8.88 1607 
8.883258 
8.884903 
2518. 886542 
8. 88817400 
8.889801 
88.891421 
8 893035 
8894043 


9.975941 


5877.998932 


9.998923 
9998914 
9.998905 
9.995890 
9.998887 


5.958878 


9.998869 
9.998860 
9.998851 
9.998841 
9.998832 
9.998823 
9908813 
9.958804 
9.998795 
9.955785 
9.998770 
9.998766 
9.998757 
9998747 
9.998737 
9.998728 
9.998718 
9.998708 

998609 
9.998689 
9.998679 
9.908669 
9. 98659 


4 Degrees. 


Tangent 


5.544044 
8.840455 
8.848200 
8.852057 
8.851840 
8.853028 
8.855403 
3.857171 
8.858932 
8 860086 
8.562433 
8.864173 
8.805905 
8.867032 
8.869351 


11153545 
11.151740 
[1.149943 
11.148154 
11.146372 
11.144597 
11.142829 
11.141068 


[1.139314 


11.137567 
11.135827 
11.134095 
11.132368 
11.130649 


Secant 1 


10. 01059 
10.001068 
10.001077 
10. oo 1086 
10.0910g5 


10.001104 
10.001113 
10.001122 
10.001131 
10. oo 1140 


10.00 1149 
10.001159 
10.00 1168 
10.001177 
10 001187 


11.155350 


11.145794 
1114395153 
11142199052 
(1.14045 4151 
t1.138717]50 
11136986049 
11.135262 — 


11.133545147 
11. 131835140 


8.871004 


8.872770 
8.87440, 
8.876162 


8.877849] 


8.879529 
8.881202 


8 882869 
3.8845 30 
8.880185 


11.128936 
11.127232 
11.128531 
11.123838 
11.122151 
11.120471 
11.118798 
11.117131 
11.115470 
11.113815 


8.887833 
8.889476 
8 891112 
8 892742 
8.894366 
8.895984 


| Sine 


| 


11.112107 
11.110524 
11.108888 
11.107258 
11105634 
11.104016 


| Fangent 


10.001196 
10.001 205 
10.001215 
10.001224 
10.001234 


10.001243 
10.001253 
10.00 1262 
10.00 1272 
10.CO1282 


10.001292 
10. oo 1301 
10.001311 
10 001321 
10.001331 
10.001341 


Secant 


11130132045 
11.128435ʃ44 


11.126745[43 
11.125002|42 


11.123385 
11.121715f40 
11.120051139 
11.118393138 
t11.116742137 
11.115097]30 
11. 13458037 
11111826134 
11.110199033 
11108579032 
11. 10696503 
11105357039 


I 


85 Degrees. 


— 
— 


* as * 


TLTangents and Secants. ( 367 | 


— 


4 Degrees. mk 


Ed . 
=) Sine | — Secant f 


3008.894043 9.998059 3.555996 11 104016010. 001341011. 10535730 
3108.895245 9.99864%/8.99759 [fl. 10240410. 00135 1011.103754 
320897842 9.9986 398 9992 311. 1009.001361. 102158 28 | 
3313 8994329. 9986298. 90080311. 09919710. 00137 1011. 10056827 
3468. 010%. 938619]3.992 398 11.097602j10.001 381 11.198983|22 


3508.902590 9.9;8609|8.9939g7|11.096013|[10,00139:|11,097404[*5 
1;613.994169'9.99859913-905570[11.094430[10.001401]11.995831|*4| 
3768.905736 9.9985 898.907 147|11.09285 3/10.001411111.094204 23 
3808.90 297 9 99857808. 9087 19 1.09128 1010.001422 11. 092703077 
3228884 9-998 368 8.919285|11.0897 1510. 001432011. 09114021 | 
4008.910404 9.9985 58[8.91 1846111.0388154/10.c0144211 1.0895 96? 
4118.91 1949 9.998;48|8.913401[11,086599]10.001452|t1.0880; 1119 
421*-913483/9.938537]3.914951]11-035049]10.901463\t1.086512118 
43]3 915032 9.9985 2718.916435111.083505[10.co1473111.,084978117 
4:18 915550 9.9935 168.9180240 1.08 1900010. 00148411. 08 3450 16 
4518.915073'9. 99856 3.919567|11.08043210.001494|11.081927|15 
14618.919591 9.998 8185 8.92 109611. 07 89040. o0 150511. 08040914 
4708.921103. 99848 C8.922619 1.07738 110.0015 151. 078897013 
4808.9 2511 99847408 9241360611. 0%5 86410. 00 152611.077 8912 
4008.9 41129.098 4648.925649 1.07435 010.0015 3001.075888 
5003.925609 9.6984 5308.927150 11.072344/10.001547|11.074391 
508.927 100 9.99844218.9250;8[11.071342[10.c01558%11.07 2900 
5268.928587 9.998431]3 930155|t1.059845/10.0015tgjtt.c7l413 
5 318. 93005800 99842 108.9316471 1.06835 310.0015791 1.009932 
248.9 1544 9.9984 1008.933124 1.06536 f 0o159c)t1.ol 8456 
8.933015 9.998 3998.9 14% 1611.065 38410. 00 1t 0111 1.069985 
5608.9 3448 19.998 38808, 93009 3019.053907 10. 00 1612ʃ11.065519 
78.938942 9 9983778.937 5651.056243 5010. 001023011. 04958 
588.937 398 9.998 36008. 939032 11. 609 10.00 1674/11. 00602 
598.9388 50 9 998355|8.940494[11.059505|[10.001645!11.061150 
6008.940296 9.9983 1408.04 1952|11.055048[10.001656!111.,059704 


* 


ua 0 © 


| Sine | Tangent | Secant 


5 | 


-urJN 


85 Degrees. 


A Table of Artificial Sines, 


| 5 Degrees. 


W 


Durs 


—— At. A 4 
= O© 


5 


8.940034 


8. 944000, 


9 999 344 
9-998 33 3|8+ 
9.908 32216. 
9.998311 
9.993 300 


2 ö 
Tangent 


8.941952 
543404 
9448 52 
8.940295 
8.9477 34 


11.058038 
1.056596 
11.055148 
11.253705 
11.05 2266 


| Secant 


10.001656 
10.001667 
10.001678 
o. oo 1689 


10.0 1700 


„ —— 


& I © wy 


— 


8.950287 
3.95 1696, 
8.953100 


9.947450. Lee 
59488740. 


998277 
998265 


9.998255 
9.99824. 


919105 
3.950997 
8.952021 
I 953441 

8.954556 


| 


11050832 
11049403 
117047979 
11040559 
14048144 


8.954499 


9.998232 


8.955894;9-995220 
8.95728 59.998209 
8.938670/9-998 197 
8 99005 29.998 186 


8, 950267 
8.957673 
5.959075, 


8.960473 
3.901866 


8. GO! 429 
8.962801 


$.904170 
3 905534 


9.998174 
9.998163 
9.9981 G1 
9.99513! 


8.9668939.998 127 


5.903254 
3.904035 
8.966019 


8.968 766 


8.967394 


11.043733 
11.042327 
[1.040925 
11.039527 
11.038134 
11.036740 
11.033461 
110339581 
11.032606 
11.031234 


3.998219 
8.969 00, 


(8.970947 
8 972289. 998080 


9.97 362 319: 098068 


9.098110 
9.998104 
9.698092 


8.970133 
8.971496 
8.972855 
3 974209 
8.97550” 


8.974962. 9998056 


8.97629 
8.977619 
3.978941 
8.980259 


9.995044 
9950549 
9.99882. 

9.9 % 8008 


8-98157 219-997 990 


| 


| 


Sine 


8 9760900 
8.978248 
8.979580 
8. 980921 
3.982251 
283527 


11 
11 


11016423 


| Tangent 


11.029867 
028504 
827145 
11.02579 
11.024440 
11.023094 
11.021752 
11.020414 
1.019079 
11.017747 


10.001711 
10.001723 
10.001734 
10.001745 


10.001257 


10.001768 
10.001780 
10.001791 
10. 01803 
0.01814 


10.00 1826 
10.0018 .7 
10 001849 
[0.001801 
10. co1873 


10.00 1884 
10. co189 

10,001G08 
I0.02192C 


10.001932 


10,001944 
10.001956 


10.00 1908 
10. oo 1980 
10.091992 


io. o ioo 


11.9397 
11.05 8262 
11.056826 


11055394 


11.05 3966 


11.052544/%ÿ 
11.05 1166 


11. 049713 
11.048304 
11.046900 
11.045505 
11.0440. 
11.042716 
11.041330 


11.039948 


11.038571 
11.037199 


111.0358300 


11.034460 


11.033107 


[1.031751 
11,030400 
| 1.62905 3 
11.027711 


11.026372 


11,02503d 
11.023707 


11.022381 | 


1F021059 
11.01974! 


11.015427 


Secant 


— — 


84 Degrees. 


Rr Con on agen 


. co WH TIER 


Tangents and Secants. 


5 Degrees. 


Sine 


9.981573 
9.982883 
9.984189 
9.985491 
9.986789 


9.997996 
9.997984 
9.997972 
9.997955 

997942 


8.988083 
8.989374 
3.990660 
5.991943 
993222 
9.994497 
8.995768 
8.997036 
8.998299 
8.992050 


9.997932 
9.997925 
9.997910 
9.997897 
9.997885 


Tangent 


8.984899 
3.986217 
8.987532 
8.988842 
8.990149 
8.991451 
8.992750 
8.994045 
5.995337 


9.997873 
9.9978 59 
9.997847 
9.997835 
9.997822 


8.996024 
5.997908 
8.999188 
9.000465 
9.001738 


9.00827g 
9.009510 


9.0008 (6 
9.002069 
9 003318 
9.004563 
9.005805 


9.907044 


9.010737 
9.011962 


9.997809 
9.997797 
9.997784 
9.997771 
9.907758 
9.997745 
9.997732 
9.997719 
9.997706 
9.907693 


9.013182 


9.014400 
9.015613 
9.016824 
9.018031 


9.019235 


9.997680 
9.997 667 


19-997 654 


9.997641 
9.997628 
9.997614 


9.003007 
9.004272 
9-005 534 
9.006792 
9.008946 
9.009298 
9.010546 
9.011790 
9.013031 
9.014268 
9.015502 
9.010733 
9.01795gh 
9.019183 
9.020403 
9.02162c 


Sine 


| 


8.983577 10.016423 


10.015101 
10.013783 
10.012458 


10.011158 


10. oo98 51 
10.0085 49 
10. 07250 
10.005955 
10.004663 
10.003376 
10.002092 
10.0008 12 


10.999535 
10.998202 


10.996963 
10.995728 


10.994466 
10.993208 


10.991953 


10. 990702 
10.986454 
10 988210 
10.986969 


10.985732 


10.984498 
10.983267 
10.982041 
10.980817 


10.979597 
10 978380 


Tangent | 


10.00200 
10.00201 
10.00202 
o. oo 


10.018427 
10.017117 
10.015811 
10.014509 


10.00205 3[10.013211 


10,002065110.011G17 


10.002078 
10,002090 
10.002103 
10.002115 
10.002127 
10.002 141 
10.002153 
10.002165 
10,002178 


10,002191 
10,002203 
10.00221t 
10.002229 
1 0.00224. 
10.00 2255 
10.002208 
10.002281 
10.002294 


10.002 307 


10. 02320 
10.002333 
10.002346 
10,00235C 
10 002372 


10.002386 


| 


10.010626 
10.009340 
10.008957 
10.006778 


10.005503 
10.004232 
10.002964 
10.00 1701 
10.000441 


10.999184 
10.997931 


10. 9966820 


10.995437 
[0.994195 
10.992950 
10.991722 
10.990490 
10. 98926 
10.988938 


0.980818 


10.98 5600 
10.984387 
10.983176 
10.98 1969 
10. 980765 


Secant 


10 


ah 


84 Degrees. 


_ . 


A 2a 


8 


Eq 370. ) A Table of Artificial Sines, 


— 


6 Degrees. 


Sine | 


—  — 


Tangent 


« 


1 


lo wow own [+ vw »_- o | iN 


12019042025 


12219-0448 90 


200. 49 


9.019235 
9.0204 35 
g9-021032 
9.022835 
9.024014 


— 


9997614 
9.997601 
9-997 385 
9-997 574 
9.997501 


9.021620 
9.022834 
95024044 
9.025251 
9 026305 


9.026386 
9.027 567 
9028744 
9.029918 


9:02520319-937547 

9-997 534 
9.99752¹ 
9.997507 
9-997493 


9.327055 
9.02885 2 
9.020040 
9-031237 
9.032425 


1.974749 
12.973345 


10.97<34) 
13971148 


10.968 70; 


IO 


12]9-033421 


9.031089 9.997480 
11 9-032257:9:997409 
1999745 - 
1319-034582,9-997439 
1419-2357 4119-99742: 


9.033009 
9.934791 
9.03 596, 
9037144 
9 O:8310 


10.906391 
10. 965 209 
10.964031 
10.962856 


1609.038048 
17 9.939197 


15 ˙0 30896 9.997411 
9.997307 
9.99738; 
1819 042342 9-997 309 
1909.041485 9.927355 


9.039485 
9 040051 
9.041813 
9043978 
9.044120 


19.9005 15 
LI 9349 
10 958187 
10.957027 


2119-04 2702 


2319-240025 


2419-057 15 419.997 25 


9.99734 
9.997327 
9.59 313 
9.997297 


9.04284 
9.646434 
9047582 
9043727 
9.049869 


10.954710 
19.953565 
10.952418 
10 951273 
10.080131 


2590.048279 


2709.050519 
2809.05 163; 
2919-05 274 
3009.88 2859 


ö Sine 


9.99727 
9.997257 
9.997242 
9.997228 
9.997214 
92222 


9 OFIous 
9.052144 
9-253277 
9.954 407 
9055535 
9.0 6 5c 


| 


10.948759 


10.945723 
1 
10. 944405 


10.478350 
10.577166 
10.97 5956 


10.909954 


10.961684 


10.95 80 


10.947856 


10.94 341 


| Tangent | 


— — 


Secant 


10.002386 
10.002399 
10.002412 


10.002425 


10.002439 


10 002453 
19.002466 
10.002479 
10.002493 
10. 02507 


10. 0025 20 
10.002334 
10.0025 48 
10.002561 
10.002575 


10.980765 
10.979565 
10.978308 
10 977175 
10.97 598 


| 


10.974797 
10.973814 
10-972432]z 
10.971259 
10.970082 
10.968911 
10.967743 
10 966579 
10.905 418 
10.904259]40 


10 002589 


| 


(0.002659 10.957375 
10. 00267310. 956238 


10.092687 10.955 105 
10.00 27010. 95397. 
10.0927 150.96 2846 
10,002729{10.951721 
10.002743. 10 gg0Co00 
10.002755,10 949481 
10 948365 
10.947252 
10.946014 


10.002772 
10.002786 
10. 00270 


10.903104 
10.002603 10.961952 
10 0026170. 950803 
10. 00263 1010.959658 
10.c026145 10.958515 


Secant 


2»n — 


83 Degrees. 


—_— — * * . — 


ä 


Tangents and Secants. 


— 


6 


Degrees, 


Sine 


309-05 3859 


9-05 4990 
9.056071 
9.057172 
3.058271 


19.997 141 


9-997199 
9.997185 
9.997170 
9.997156 


9.056659 
9.057781 
9.058900 
9.060016 
9.001130 


519-05 3307 


9.060460 
9.061551 
9.062639 
2:063723 
9 064806 
9.06;885 
9.065962 
9.068036 
9.069107 


——_— @_—_— 


Tangent | 


10.943341 
10.942219 
10 941100 
10.939984 
10.938820 


9.907127. 062240 10 937760 


9.997112 


9.997083 
9.202058 
9.997053 
9.997039 
9.997024 


9. 9970099. o/ 102) 
9-995994[9-072113 


9.069938 


9.063348 10.936652 
9:997098[9.004453 
9.065556 
906665 5 


9.06775 2 
9.068846 


10.935547 
10.934444 
10.933345 
10.932248 
10.931154 
o. g 30062 


10.928973 
10.927887 


9.070 170 
9.071242 
9 072305 
9.07 3366 


4919-074 424 


9-990979 


9-9969641(9-074278 


9.996949 


9.996934. 076432 


9.205919 


9.07 3197 
9.07 5356 
9.077505 


509. 07 5480 


9.076533 
9.077583 
9.078631 


5419-07 9676 


9.99684 3 


559. 0807 1g 
569.08 1759 


5719-082797) 
5819.08 383 2 


599. 084864 
9.085892 


9.996328[9.083891 
9.9968 1200.084947 
1.9g6797[9.08600c 
9.99078219.08705c 
9.99676619.0880g8 
9.9967 5100.089144 


9-99690419-078576 
9.9958 809. 9644 
3.996874 9.0807 1c 
9.99685 89.081775 


9.082833 


10.926863 
10.925722 
10 924644 
10.923468 
10.922495 
10.921429 
10.920356 
10.919290 
10.918227 
10.917167 


10.916109 
10.915053 


10.914000 
o 912950 
10.911902 
10.9 1085. 


U 


5 


1— — 


Sine 


Secant | 


10.002801 
o. oo28 15 
10. 02830 
10.002844 
10.002859 


10.002873 


10. 00288810. 9395 40 


10. 002902 
10. 029 17 
10.002932 


10.002947 
10.002961 
10. o 297t 
40.00299 
10,0030c6 


10.003021 


10.946141 
10.945034 
10.943929 
10.942828 
—.9 4.229 
10. 940633 


10.938449 
10.937361 
0035227 
10.935194 
10.934115 
10. 933038 
10.931964 
10.930893 


10. 03036 
10.003058 
10.00 3066 
10.003081 
10.00 3096 
10003111 
10.003 126 
10.003 142 
10.003157 


10.003172 
10.003188 
10,003203 
o. oo32 15 
10 003234 
10.003240 


Tangent | 


10.928758 
10.927695 
10.920634 
10.925570 
10.924528 
10.923407 
10. 92241 
10.921 36g 
10.C2032, 
10:919281 
10.918241 
10.917203 
10.916168 


10.929824 7 


10.915136 
10.914106 


Secant 


| u1]Al o = ww + mos ww 


83 Degrees. 


A a 2 


22 X. ZE. ww 


{ 


Fc 372 ) 


A Table of Artificial Sities, 


— 
— 


7 Degrees. 


5 Sine 


r 


Tangent | 


E 9. 08 5895 
109. 088922 
209087947 
30%088970 

9.589990 


9.990751 
9999735 
9.9 %20 
9.9967 04 
9.996688 


9-089 144 
3.090187 
9.091228 
9.092260 


9-093302 


10.909813 
10.908772 
19.907734 
10.906698 


10.910850 


— — 


Secant 


10.003205 
10. 03280 
10.003 290 
10.003312 


9.091008 
9.99202 4 
9-993037 
9994047 
9.995050 


9.940073 
9-996657 
9.996641 
9-996545 
9.9990: © 


9-994335 
9-095 367 
9.999395 
9097422 
. 


10.905665 
10.904633 
10. 903603 
10.902578 


9.096062 
9.097005 
9.098066 

9-09g9o0dg 
9. 1000629. 996539 


9.999594 


9: 996562 


9.996578 
2 995546 


9.099405 
9.100487 


9.101504 
9.102519 
2.103832 


10. 9005 32 
10.8995 13 
10.898490 
10.897481 
10.896458 


9*1010506 
9.102048 


9.103037 


| 


9.996408 


9:99048219 


9.990465 
9.996440 


9.995514 


9.104542 


9.105550 
1065 56 


9.107559 
9. tod 860 


10.895458 
10.894550 
10 893444 
10.892441 
10.89 1440 


59.995417 


9.996133 


9.964 
9.996383 


9: 2 5 


9.109559 
9.110550 
9111551 
9.112543 
9.113523 


10. 890441 
10.889444 
10.888449 


10.887457 
10. 886407 


9. —_— 
9.996 302 
19-990255 
{2.999260 


9 114521 
9.115507 
9.11649; 


9-117472 
9418452 
2110429 


dine 


10.885479 
10.584493 
10.883509 
10.8825 28 


10.881548 
10.880871 


Tangent 


10.901554 


10.003343 
10.003359 
10.003375 
10.003 390 
10.003400 
10.003422 
10.003438 
$0-003454 
10.003470 
10 003486 
10.003502 
10 003518 


10.0035 51 


10.003583 
10.0030CO 
10.003616 


10.003249 


10.003327 


10.003535 


10.003567 


10. 914105 


10.913078 
10.912053 
10 911030 
10.9 10010 
10.908992 
10.907970 
10.900963 
10.995953 


10.904944|51 


10.903938 


| 
| 


| 


| 


| 


10.902935 


10.901934 


10.900935 
10.899938 


10. 89 3944 


10.897952 
10.896963 


10.895975 


10.894990[41 


10.8940-8 
10.893027 
10.892049 
10.891073 


10. 00353200. 890099 
10. 00364910. 889127 
10.003665 10 888158 
10.003682 10.887191 
10. 003098 10.8862 26 
10.003715 10.885 203 
10. 03531 10,884302 


Secant 


— 


82 Degrees. 


Tangents and Secants. 


7 Degrees. 


Sine 


Tangent 


5119+13538719,99591 
5209.136303 


4491195 222990002 
7 9,12046919,996185|9,124254 
3619>121417]3,9y6108[9,125249 
379.1223620, 99615 , 120211 
38]9-1 2330619,9961 34/9,127172 
390-1224800, 9961179, 128130 
40 9,996 10009, 129087 
9,9960839, 130041 
9, 99600009, 130994 
9,9960490, 131944 
9.596535 95132893 
9.996015, 133839 
9.995998, 134783 
9,9989809, 135720 
9.99596 300, 130066 
9-13355119,995940[9,137005 
509.1344709, 9959280, 138542 
5, 139476 
9,9958940, 140409 
39,137 216,995 876%, 141340 
(54 9,1331270, 9958690, 142209 
5509.139037, 995841, 43190 
569,139944,995823, 144121 
57 92140850, 995 806 
5819-14175419»995788[9,1459%5 
5909, 14265 5,9957 70, 1468385 
boſo, 1435551999957 5300, 4080 


30 9.115 6989, 9902099, 119429 
319, 116656 9,9962529, 120404 
32 9.117612 9,9962359, 121377 
339, 118567 4 22348 


9123307 


10,880571110,00373 1 


0, 87765 210, 03782 


8 
Secant 


10,879596,10,003748 
10, 878623 10,003705 


10,87668 3 10,00 798 


9.145044 


10, 871870010, og388 


| Sine 


| 


10, 8757166, 035815 
10, 87475 110, oo38 ;2 
10, 873789010, oo; 849 
10, 872828010, 03806 


10, 87091 3110,003900 
10, 36995910, 0391 
10,86g006[10,00;934 
10, 86805610, 03951 
10, 867 10/10, 0908 
10, 866161010, 03985 
10, 865 21 7]i 0,004002 
10,854274|10,004920 
10, 863334010, 0407 
10, 86239510, 904054 
10, 86145 810, 0407 2 
10, 8603 24ſt, oo4o8ꝗ 
10, 8595910, oo4 106 
10, 85 860010, oo4 124 
10, 88773010, 04141 
0, 85680410, 04159 
10, 85 5879.10, 04177 
10, 85495610, 04194 
10, 85403510, 04212 
10, 85 31150, 004230 
10, 88 210810, 04247 


10, 884302 
10,883344 
10, 882388 
10, 881433 
o, 88048 
10,8795 31 
10, 878583 
10, 877038 
0, 876694 
10, 875782 
10,8748 3 
10, 873875 
10, 872940 
10, 87 2007 
10, 87107; 
10,870146 
10, 869219 
10, 86829 
10, 867370 
10, 866449 


10, 865 5 30 
10.864613 
10, 863697 
0, 862784 


10, 861873 


10.860963 
10, 860050 
10, 859150 
10.858245 
10.857345 
10.856445 


S D AE -Þ-#$4 +4 


—  _—  — —— 


_ — 
> O© 


lo 22 m—_y 


3 


Tangent 


Secant 


uu 


82 


Degrees. 


A a 3 


— — 


— —. . —.— — ol CEE — 8 — 


8 — . 
— ne i nn Acme enero — 


| 
) 
t 
. 


| 


LES) 


'\O ow ou [> vs w - © uu 


* 


ä th r * * „ i. 


9 143555 


Sine | 


9-144453 
9 145349 
914624 
9-147136 
9.148026 
9.148915 
9.149801 
9 150686 
9.151560 
9.152451 
9.153330 
2.154208 
9.155083 
155957 
9.156835 
9.157700 
g 158569 
9189435 
9.160300 
9 161164 
9.162025 
9.102885 


9.163743 
9.164600 


— — — — 


9.165454 
9.166307 
9.167159 
9.168008 
0. 168856 
9.169702 


A Table of Artificial Sines, 


8 Degrees. 


| 


9-995753 
9.995735 
9.995717 
9995699 
9.995681 
9.995663 
9.995646 
9.995628 
9.995609 
9.995501 
9.995573 
9.995555 
9.695537 
9.995519 
9 995500 


9.147802 


Tangent | 


9.148718 
9.149632 
9.150544 
9.151454 


| 


10.852198 
10 851282 
10.850368 
10.859456 
10.858546 


9.152303 
9.153209 
9.154174 
9155977 
9.18978 
9.156877 
9.157775 
9.158671 
9-159565 
9 160457 


9995482 
9995464 
9.995445 
9.995427 
9:995 429 


9-101347 
9.162230 
9.163123 
9.164008 
9.164892 


10.847037 
10.846731 
10.845 826 
10.844923 
10.844022 
10 843123 
10.842225 
10.841329 
10.840435 
10.829543 
10.838653 
10.837764 
10.836877 


10.835992 
10.835 108 


9.995390 
3-995 372 
9995353 
9.995334 
9.995316 
9-995 27 
3-995 278 
9.995250 
9-995 241 
9.995222 
9.995203 


9.165774 
9.165654 
9 167532 
9.168409 
9.169284 
9 170157 
9.171029 
9.171899 
9.172767 
9 173634 
g 174400 


Sine 


Tangent 


10 824226 
10 83334 
10.832468 
10.831591: 
10 830716 
10.829843 
10 828971 
10 828101 
10.827233 
10 82636 
10 825591 


10.004247 
10.004265 
10.004283 
10.004301 
10 004319 


10.004337 


10.004354 
10.004372 


10 004.391 
o. oo4409 
10.004427 
10.004445 


10. 00448 


Secant | | 


10.004463 


10 004500 


10.848431151 


10 855547159] 
10.8546 158 
10853757057 


10.85 97455 
10.85 1085 54) 
10. 85019953 
10.8497 14/52 


10.847 54950 
10. 846670049 
10 845792148 
10.8449 17047 
844043 


10.0045 18 


10. 004555 


10.004591 
10.c0461c 


10.004684 


10.004778 
10.004797 


10.004 5 36 


10. 04573 


10.004628 
10. 00464 
10,004666 


10.004703 
10.0047 22 
10.00474C 


10 004759 


10. 83970041 


10.835 400 36 


10. 84317045 
o. 842 300.44 
10.84143 1043 
10. 84056542 


10. 83883640 
1083797509 
10837115038 
10.8 3625737 


1083454635 
10.833693134 
t10,832841133 
10 831992032 


— 


81 Degrees. 


Tangents and Secants. 


8 Degrees. 


Sine 


[Tangent | Secant 


9,17970219,995203[9,174493|10,825501[10,00479; 
3119, 170540 
209, 1713890, 905 165, 178224010, 823770 
33/9-17223019,995 14%, 177084 
349.1730009, 995 12709, 177042 


9,995 184, 17536210, 824038010, 04810 
10,0483; 
10,82 916/10, 04854 


10, 82 2058010, o0 1873 


ö 


35,7398, 995 10819, 178799 
30, 174744%,9 5089 9.179655 
379,175 57809, 995%, if0;c8 10, 81949210, 04930 
3809, 17641109, 99505 19,1813 5010, 81864010, oog94 
329172242, 995032,182211 
4000, 17807 200, 9950139, 18305910, 81694 
41, 1789009, 99495 319,183907[10,816093[10,90500; 
129.1797 26 
139.1805 5 10, 99495 5,185 597 ſt0, 8 1443/1 0, 05045 
4419, 18137419,99493519,180439|10,813561 


10, 820298 
10,829454 
10, 82861 
10, 827770 
10, 8280930 


10, 821201010, 04 92 
10,820345[10,004911 


10, 81778910, oo4908 
10, 04987 


9,9949749, 18475 210, 815248010, 05026 


10, 05005 


4519 1821995[9,994910[9,187250[10,812720[10,005034 
4619, 18 3016, 99489600, 188 120010, 81188010, och 104 
47.183834, 994877, 18895710, 81104310, oo5 123 
4809, 184651,9948 579, 189794 
4919-185 460 9,9348 3819, 1900290, 80937 110,005 102 
50[9,186280]9,994818[9, 191410, 8085 38010, o05 182 
519, 1870920, 99479800, 192293 10,807 706[10,005 202 
5219, 18750 0, 9947 7919, 193 124010, 80 876|[10,005221 
539.1887 12,9947 59%, 19395 3010, 806047 
54,1898 10%, 947 39%, 104780010, 90522010, 8 261 


10, 8 1020610, oo 14 


10, 05241 


59.9, 1935 349,99 4640, 1988940, 80 1106 


559190 52509,394719 9, 950610, 804294 10, 06281 

56,1913, 994700, 196430 10,803570[10,005 300 

5719191933 9,9480, 972530, 892747 

58195192734 9,9946609, 198074 10, 80192010, o05 340 
| 


10, 05 320 


10,905 360 


- 


6019, 19423 +[9,994620 9,19971i2 


10,3002 $8|10,005 330 


Sine 


Tangent 


| 


10, 826992 
10, 82525 
10, 824422 
10,82 589 
10, 822758 


10, 821928 


] 


; 


| 


10, 821105 
10, 820274 


10, 319449 
10, 818620 


10, 817804 ts 


10,316984 
t0,381616: 
t0,315349 
10,8145 34 


10,813720 
10, 812908 
10, 812097 
10, 811288 
10, 810481 


10, 809675 
10, 808870 
10, 808069 
10.897 266 
10.8064 66 
10 805668 


Secant 


10 


— 
— 


4+ v w 


— 
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— 
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A Table of Artificial Sines, 


9 Degrees. 


5 Sine | 


| 


009 194332[9-994020 


I 9. 195129 
29.195925 
39.1967 19 
4 9. 197511 


9.994600 
9.994580 
9-994560 
9:994540 


9.994515 
9.994499 


99.994479 
69.994459 


9.994438 


r est 


9199712 
9 200529 
9201345 
9.202159 
— 
9.203782 
2822 
9.2054 0 
9. 200207 
9222713 


16.600288 


10.799471 
10.798655 
10.797841 
10.292229 


Secant | 


10.005 380 
10.005400 
10.005420 
10.005 440 
10.005 460 


9.99448 


9 994397 
9·594377 


9.994357 


9 20535419 994336 
9.994316 


2119+ 210760 
2209. 2 


22.994212 


9.99419 
3 990070 


9.207817 
9.208619 
209420 
9. 2 10220 
9 211018 


9. 211815 
219,212611 
9:213405 
9.214198 
9.214989 
9-215779 
9.216568 
9 217356 
9.218142 
9. 218926 


bh 99408) 
9.994066 
9.994045 
9.994024 
2.094003 


- Sine 


9' 219710 
9.220492 
9.221272 
9.222052 
9.222830 
9 222606 


1 


7 
' 


10.796218 


10.795408 
10.794600 
10.793793 
10.792957 
10 792183 
10.791381 
10.7905 0 
10.789780 
10.288982 


10.005481 
10.005 501 
10.005521| 
10.003541 
10.005502 


10.003582 
10.005603 
10. o05 623 
10.005643 
10.005664 


10. 805668 
10 804871 
10. 80407 5 


10. 803281 


10. 801698 
10.80090g 
10.800121, 


10.799334 
10.298549 
18.797705 
10.796983 
10 796203 
10.795423 
10 794946 


10.788185 
10.787389 
10.786595 
10.785 802 
10.785011 
10.784221 
10.783432 
10.7 82044 
10.781858 
10.781074 
10.7 8029 

10 779505 
10.778728 
10.777948 
10 777170 


[19-770394[10.005997 


10.005767 


Tangent 


10.005684 
10. 005705 
10.005720 
10.005746 


10.005788 
10.00;8cg 
10. 05829 
10.005850 
10.005871 
10.095892 
lO.cO5g13 
10.005934 


10 005955 
10.005970 


10.793869 
10.793094 
10.792321 
10.791548 
10.790778 
10 790008, 
10.799240 
10.788474 
10.787709 
10780945 
10.786182 
10.785421 
10.784662 
10 783903 
10.783146 
10.782391 


10. 802489 


Secan 


—_ 


80 Degrees. 


—_— 


ns tft. ou ih. ec 


| 


2 


Tangents and Secants. ( 377 )} 


— 
—_ —— _ 
e 


9 Degrees. 


* 


= Sine | | Tangent | Secant | 
—ä—— —L—e— — 4 — 1 — 30x 
3009. 217609 9.990039. 22360610 77639410. 00599710. 782300 = 
3109.218363 9.99398119.224382[10.775618|10.006619]10.781637 

32/9-2191109.99396019.225156[10.774844[10.006040[10.780884 
33.219868 9.99393c19'225929110.774971[10.006061110.780132 26 
r 10.77 330c[10.006082 10.779382— 
59.221307 9.993390227471 10.7725 29.10. 006 104.10. 778633 "5 
3619-222115\9.99387519.228239110.771761[10.c06125|10.777885 — 
5 9.222861 9.99385 4%. 2 2900710. 77099310. oo6 14610. 777 139 


3809.22 3606 99383209. 2297740. 7010. 06168010. 776394½. 
3909.224319 9.9938 119.2305 39110.709461110.000189]10.775651 


409225092 9.9937 899.23 1302010. 768698010. C02 11010. 774908 1 
419.2268 339.9937689. 23206510. 7679350. 006232010. 774167 2 
420922657 39.993746. 23282610. 76 174.10. 0625 4010. 7734270 

439.2273 119.9937 25. 2335 86,10 7664140. 027510. 772689 _ 
44/9 228048 9.99 37039. 234345 10.265058 10.006297 10.771952. 
459.2287 84 9.99368 10.235103 10.764890. 0063 1910.771216 5 
409.2295 109.9936609. 23585910. 704141 10. 00634010. 770481 : 
4719-23025219.99363819-236614110.763386|10.c06362[10.769748 f 
489.2309584 99361690 237368010. 762632010. 00638410. 769016 ' 
4919-23171519.99359419-238120[10-761880[10.006406[10.768285 : 
colg 232444 9.993572 9.238872. 0. 401 12800. 006428010. 7675560 
519.2331729. 9935 509. 239622010. 76037 0. oog. 7668 28 
529.2338999. 9935289 24037 1010.759062 0. 00647 2010. 7661001 
5309.284625 93507 9.241118010. 75888210. 006493010. 765375 
549.2353499. 90034 40. 24186510. 758135 0065 1610.764651 


559.2360) 309.9934 2. 242010010. 757 390.10. 0065 38010. 703927 
5619.2:6794 [9.99 44009, 243354010. 75664610. 00656 0.763205 
579.2375 15%. 9934189. 24409710. 75 50050. 0065 8210.762485 
589.2382350. 9933969. 24483910 75 5161010. 00660410. 761765 
599.2389539 993374 9.248575 10.75 4421010. 00662610. 761047 
609.22529.2933X.24 31010. 75 308 110. 00664810. 7603 30 


*UTINT © = 22 


| Sine | Tangent | Secant 


| 80 Degrees, 


9 


6378) 


A Table of Artificial Sines, 


10 Degrees. 


Sine 


| Tangent 


o N 


9.239070 
19.240380 
2 9.241101 
39.241814 

242526 


4ic 
243237 
213947 
244656 
245363 
246069 
95.240775 
1129.247478 
12.243181 
1309.248883 
49.249583 
. 18 ).2 50282 
1605.250980 
1710 25167 77h 
1842-25237 5 
199.25 3067 
27 9.263701 
117254453 
229 255144 
4239.256834 
2.256523 
2859.257271 
20.257898 
279258583 
128 9.259268 


92590951 
300. 260033 


9.993284 
9.993262 


9993351 
9993329 
9.993307 


9.90324 
9.993217 
9.993193 
9.993172 
9:993149 
9.993127 
9.993 104 
9.99308 1 
9.993059 
9.993930 
9.993013 
9-992990 
9.992907 
+992944 
9. 99 2921 I 


9.240319 
9-247057 
9.247794 
248530 


9.249204 


9.249998 
9.2507 30 
9.251401 
9.252191 
2.252020 
9˙253648 
9254374 
9 255100 
9.255824 
9. 236547 
9.257269 
9.257990 
9.258710 
9.259428 
9 260146 


9.992898 
9.992875 
9.992852 
9.992329 
fl 99280" 
9-G92783 
9.992759 
9-992730 
9. 992713 
9-992689 
9.9 26606 


9. eee 
9.261578 

9.262292 
9.20300, 
9. ).203717 
9 20442d 
9 265 138 
9.265847 
9 265555 
9.207261 
[9.207907 


| Secant 


| 


1 


10.75 3681 


10.752943 
10.752200 
10.751470 
10.7 507 36 
10.750002 
10.749270 
10.7485 39 


i 


20.732739 
10.732033 


; 


10.74750, 


10.747080 


10.746352 
10.745026 
10.744900 
10.744176 
2.243473 


10.742731 


10.7420 10 


10.741290 
10.740572 


10.739854 


18. 739138 
10. 738422 
10.737708 
10.730995 


10.736283 


10.735572 
10.734802 


10.734153 
10.733445 


Tangent 


Secant 


10.006649 
10.086671 
10.006693 
10 005716 
10.0067 38 


10.006760 
10.006783 
10,006805 
10.0068 28 


10,00685 1 
10.000873 


10.006896 
10, 069 19 
10.006941 


10.006904 
10.006987 


10, oo7o io 
10.007033 


10,007056 
10.C07079 


10.007 102 
10.00% 125 
10.007 148 
10.007 171 


10.007 194 


10,007217 
10.007 241 
10.007 264 
10.007 287 
10.007311 


10.007 334] 


10.758899 


10.747627 


10.742789 
10.742102 


10 740732 


10.760330 
10.759614 


10.758180 
10-757474]50 
10.756763 
10.756053 
10.755344 
10.754637 
10.75393! 
10.752225 
10.752522[4 
10.751819 
10751117 
10.750417 
10.749718 
10.749020 


10.748323 


10. 746933041 


10.740239 
10.745847 
10.744856 
10.744166 
10.243422 N 


10.741417 


10.740049 
10. 10.749307 


Secant 


79 Degrees. 


— — 
_—_ 


| LT.asangents and Secants, 0 379 ) | 


=> 


10 Degrees. | 


— 


* 
— o = o 
— —— — 


— — — 3 = 


Sine | | Tangent | | Secant | | 


—_—— - 
- 


19 
a 
1 
— 


31 9.261314 9.992643 9.26807 1010. 3132910. 00735710. 7 386806029 
32 9.261994. 9926199. 26937 510.7 3062510 00 38 00. 73800628 
3319-26267 39.992596 27007710. 729923010. 00746410. 737327027 
42. 2.2222 2921-22819. 7350490285 
35.264027 9.992549. 27147010. 7285 2 1010. 00745 1010. 735973025 
3609.264703. 99252527 2177T](10. 727822010. 004750. 73529724. 
3709.265377 9.992501. 272876010. 727124010. 0049910. 75402 30z3 
3809. 26605 10% 99257809. 273573010. 72642710. 00052210. 733949 22 
3919-2667 2319.992454|9-274209 10.725731/10.007546|10-733277 21 
409.267 395/9.99243019-274904[10.725036[10.007570[10.7326u5 20 
419.2680659. 9924069. 27565 810.7243420. 00 59410. 73 1935/19 
429.2687 349.9923820 9.27635 1010. 72304910. 00761810. 73 1200018 
4300.269402 9.99235 89. 277043010 722957[109-c07642[10.730598|1 7: 
4119 270069 9.99233519-277734 10.722265|10.co7665110.7:9 331116 
4519-2707 35 9.992311. 27842410. 72 157010. 068910. 72926515 
46 9.271450 9. 99228 9.279 113010. 72088710. 007% 13010. 72860014 
47%. 2720639. 9922639 · 279801010. 2019910. 00073710. 72793713 
489.2725 26 9922389 280488010. 195 1210. 000210. 727274 12 
4909. 273388 9.0922 14.28 1124010. 18826010. oo 86 10.720612] 


509 74049 9.992 1999.28 185 810.7181420. 0. 0078 10010. 72595 1070 
519.2747089. 992 1669.28 2542010. 17458010. 00783410. 725 292 
529.275 3679.992142 28322510. 71677510. 007858010. 723633 
{5 30.276024 992117. 2839070. 1609310. 07883010. 723970 
549. 27658 109. 99209309. 284688010. 71 5412110 007G07[10.723319 
1;519-277 33719-992069g19.285 268[10.714732[10.007931[10.7 22663 
5619-27 799119-99204419,285947110.7140; 3]10.00795t|10.722009 
579. 278644% 992020 9.286624110.7 13376[10.007980[10.721356 
15819-27929719-991950619.287301[10.712699[10.008004|[10.720703 
- 15919-27994819.99197 119. 287997[10.712023[10.008029]10.720052 

15019. 2705 999.9919470. 28865 2[10.711348[10.008053[10.729401 


r 


2 


ul o 288722 12 


| | Sine | | Tangent Secant 


* T_T. 8 


| 


| 79 Degrees. 


| (380) 


A Table of Artificial Sines, 


11 Degrees, 


F 


Tangent | 


9.99194 
9.991897 


9991922 


9.991873 
9.991848 


9.288652 
9.2893 26 
9.289979 
9.290691 
2.221342 


9.991823 
9.991799 
9.991774 
9991749 


9.991699 


991724 


9.991674 
60.997649 
9.991624 
.991599 


9.292013 
9.292682 
9.293350 
9.294017 
3.294684 
99295349 
9.29001 3 
9.296677 
9.297339 
9.298001 


9.991524 
9.991498 
9.991473 


9-991423 


94921574 
9-921549 


9.991397 
9.991372 
9.991346 


9.298022 
9.299322 
9.299980 
9.300038 
9.301295 


q 


9-991448(9. 30195 


9.302027 
9.303261 
9.303914 
9.304867 


5 


2965 39 
619.297 164 


9.991321 
9.991295 


— 


9991270 
9991244 
9.991218 


22. 1930.308463 


9.305218 
9.305869 
9.300519 
9.307167 
9.307815 


þ 


| Secant 


10.7 11348 10.0080; 3 
t0.008078 
10.008103 
10 008127 
10. 708658010. 008152 


10.008177 
10 707318j10.008201 
10.706>50}10,008226 
10.00825 1 


10.008276ſt0.71359215 


10.710674 
10.7 10001 
[0.709329 
to 707987) 


10.705983 
10. 705 316 


I 


10.7 19401 
10.7 18752 
10.718103 
10.717450 
10.7168 10 


10.704651 
10.703987 
10.703323 
10.702661 
10.201909 
10.701338 
10.700578 
10, 700020 


10.69936 
10.608705 


10.698049 


10.697 393 
10.696739 
10.696086 
10.695433 
10.694782 
10.694131 
10.693481 
10.692833 
10.692185 


10.691537 


* 


| 


| Tangent 


10.008376 
10.008401 


10.008426 
10, 08451 
10.008476 
10.008502 
10.008527 


10.008552 
10.008577 
10.008603 
10.008628 
0.008654 


10.008679 
x 0.008705 
10,0087 30 
19.0987 56 
10.008782 
10. 08807 


10. 00830 1010.7 12952 
10.008 326010. 12313 
10, 08 35 110.7 11674 
10.7 11036 
10.7 10400 


10.709704 
10.709130 
10.708496 
10.707863 
10.297232. 
10.706601 
40.705971 
10.705 342038 
110.7047143 

10.704087 
10.703401 
10.702836 
10.702212 
10 701588 
10. 700966 


0.700345 


| Secant 


10.710104 
10.7155 20 
0.714876 
0.714234 


78 Degrees. 


Tangents and Secants. : ( 381 ) | 


11 Degrees. | | 


5 Sine Trangent | Secant 


22 | 


309. 2905 69 99149319-3084>3[10-091537|10.c08807 1070034575 
31 9-30027019.991 167/9,3091 09|10 ©903891110.008833 10.6997 24 
5209. 3008 59.99 11419 30975 10. 69024610. 008859 10.699105 
3309 3015 149.99 1115ʃ9.3 10398 10,6: 9002110 003885 10.698486 
349.3021320 9910909 311042 10. 68895810 008910,10 697868 
3509.302749 99915640. 35 158510. 0883 1510. 089360 697251 
369.303 364 99103809. 31232710, 8707 3010, oo890 2:0 695636 
379.3039799. 99 10129. 3 129670 68700. 008988. 696021 
9.304593. 9909869. 31360810. 8039210. 0914.10 (95 407 
9-30520719-99995019-314447119-085753110.009040110 694793 


14 9,305 8 199. 990934. 31488 510.085 11510. 0900610. 694181 

9 3004 zog 990998!9.315523110-054477110.009092110.693570 
429. 30504 10 99088 29.316 15910. 68384 1010. 09118010 692959 
4319 3076509. 99085 5 316795010 683 20510. 009145010 692350 
44/0 30825099 9908299. 317430 10.68 2570 10.009171110.6g91741 


J 


459.3088079. 9908039. 318064 10.68 103610 009197 10.091133\15 
14*19.3<947419.99077719-318697119*$31303[10.009223]10.6905 20/14 
4700 3100809 9907 501g. 319329119-08907 100. oo9 50 10. 6899013 
48 9.310685 9.990724 9.319961 10.680039 10. 9276.10. 6893 1512 
4919 31128909, 990697. 1205010 6794010. 009303 10.688711 
549.3118939. 99007 119.321222[19.07877e|10.009329110.688107 1c 

9 312495. 99064432185 110.678 1490. 0093 5610.687503 c 
529.3 30979. 9906 189. 322479 10.6775 21.0. 009382010, 686903 d 
63/9 31369509. 99059 19.323 106.10. 67 094.0. oog. 680302 5 
15419. 31429719.99956519-323733j19-070207110.c09435110.685703' ( 

5519-31439619.9905 3800 324 358[10-075042 10,003402110.085104, 

569 315495 9.9905 1109.324983 10.575017 10. oog 489010 684505 ö 


* 


3719 31609209. 99048 5.325657 10 674:93|10.0095 150. 68 390803 
589 31668 89.990458 9 32623010 673770 10.009542/10 683312| 2 
599.3172840. 99043 10 32685 3]10,07 3147110 0956910 682710 
9.117829. 0 32747411.072520110,c09590 

. 
Sine | Tangent | 


—_— 


] 
10.682121; c 


Secant | 


— 


78 Degrees. 


( 382 ) 


A Table of Artificial Sines, 


, 12 Degrees. 


Sine 


[Tangent 


meat — . a. a 


9-31 7879 
9 318473 
9.319065 
319058 
320240 


320840 


321430 
322019 


Wn 
9 1 


323024 


9-999404 
9990377 
9590351 
9.990324 
9.990797 
9 999270 
9.990243 
9.990215 
322607 999188 
9.990161 


9-328095 
9.328715 
9.329334 
9.320953 
9330570 
9.331187 
9-331803 
9.332418 
9 333033 


9327474 


10.566967 


9.323780 


— 


9990134 
9.999107 
9.990079 
9.990052 
9. 9900259. 3 36093 


9 3330940 
5224259 
9-334871 
9.335482 


209+329599% 
9.320176 
95330753 
239331723 
249331923 


9.989957 
9.939970 
9.98942 
9 939915 
9.959387 
9598986 

9.989832 
9.989804 
9.989777 
90892 1009.324215 


9330 


9.33731 
9.337919 
9-338527 
9.39133 
9.339739 
9-˙340344 
9.340948 
9.341552 


| 
| 


10.663298 
10.652689 


299.35 24˙8 
26333051 
279333623 
2800.334195 
2900.334700 
3009.333832 


9.989721 
9959693 
9.989665 
9 989637 
9.089609 
9.989581 


9.342757 
9.343359 
9.343958 
9 344558 
9.345157 
9:345755 


| 


Sine 


wy 


| Secant 


10.6725 26110.009596 


10.671905 
10.67 1285 


10.670666 
10.670047 


10.009623 
10.009649 
10 009676 
10.009703 


10.6694 30 
10.668813 
10.668 197 
10 667582 


10.666354 
10.665741 
10.665129 
10.664518 
10 653907 


10.0097 30 
10.009757 
10.0978 
to. oo 8 12 


10.0098 39 


10.582721 
10.6815 27 
10 680934 
10.680342 
10.679751 
10.679 100 
10.678570 
1067798 


10.677303 
10. 67680: 


10.009866 
lo 009893 
10 c 09921 
10 009948 


10 662081 
10 661473 
10.66 867 


10 650261 
10.659656 
10, 659052 
10 658448 
19.687845 
10.657243 
10.676642 
10.656042 
10.65 5442 
10.654843 
10.655 245 


Tangent 


Io. ooo; 
10 010530 
10 010058 
10 010 85 
10.910113 


10.010140 
10 010168 
10.010196 
10. 0 10203 
10.010291 


10.010279 
10.010397 
10, 010333 
10.010363 
10.010391 
10.010410 


10 009975| 


10.676220 


10.675634 


10. 67 5049 
10.674466 


10.673883 


10.67 330: 
10 672719 
10.672138 
10.671508 
10.670979 
10.66 401 
10, 669824 
10.669247 
10 65867 2 
10.668097 


10.666949 
10.666376 
10.655805 


Secant 


10.6675 2207 


10.665 234 ; 
0 ' 64663 


77 Degrees. 


ou 


| Tangents and Secants. ( 383 ) | 


12 Degrees. 


= Sine | Tangent | | Secant | 


39] 9.23533719 98958119-3457 55]: 0-654245|10.010419 10.764663 
3 |3-3359901[9-98955 319-340 35310 653047110. -010447|30.664094 
320) 33647 5.989525 346949|10.653051|10. 01047 5 10.663525 
3319 3370430. 989497. 347 545/10. 65 245 5/10 010503 10 662957 
349.2370100 98946919 348141110.651859|10 010531 10 662 300 


509.3387759. 98944 1.3487 3510.05 1205[10.010559 10 661824/z5 
3609.338742 98941300. 3493 2910, 65067 110, 1058710 66125802 
3719.339306. 98938409. 349922010 63007810. drag 10 660694 

359.3397 10.9893 509.3505 14,10. 64948 6.10.0106 540 £60129 
2.330434. 8932809. 35110610. 948894 10.01067 2110 659506 659566 


49]9,34999*[9-98929919. 35 1697]10.048303 10.010701110.659024 .659024 
4109 34.5589 98927109.352287 [10.6477 13010.0107 29110. 658442 
4209.342119 98924319.352876110.647124 10. 01075710 657881 
4309 342679 9.98 214% 35346510 6465 3510.010786 10 657321 
44% 34323 9991 8619.354053110.645947110. 010814110. 656761 
145] 9-343797|9-98915719-354640110.04536010.010843110.656203115 
409. 344355 98912819.355227110*%04477310.010872110, 6556451; 
4719 34491219 98910019. 35 58 1310.644187 0.0 109010. 655088 13 
. 489.345 4699. 9890) 10. 35039810. 64360210. 010929110. 654531112 
4909.340024, 989 429. 28698 2010 643018[10.010758[10.653876'1 | 
2 —T—T0—T 2s Labonte © 1nd bod 
50% 34057919-9*901419.357506[10.042434|10,010986110,05 3421 ic 
5119 34713419-98898519.358149[10.6418;51110.011015]10.652866 
5219.34768719.98895619.358731110.641299]10.011044110,652313| 8 
53 9 34824009. 9889279. 35931310. 64068710. 0110) 3010.65 1760 7 
549.3482020. 0888980. : 59893 10.645107|10.011102j10.051208 
5519-34934319-98886919. 3604740. 63952600 011131]10.650657 
56] 9-34989319.98884019.361053110.638947-[10.01116c|10 650107 
15719-35044319.98881119.351632[10.638368|10.01118910.649557; 
5809 35099219.9887821g 362210|10 637700|10.011218|10 649208 
599.35 154.9887530 36278710, 637213010 011247]10.648460| 
60] 9,35 20881g9.98872419.353364[10,036630|10,011276110.647912 


| 


Sine 


Tangent Secant 


77 Degrees. | 
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A Table of Artificial Sines, 


| 


13 Degrees. 


IF=T" 


Tangent 


| 


| * 


409353181 
9.35372 


9-35 2086 


9. 
3 9 
9 


on 
98 


= 
S 


9. — 
9.35427 19.988607 


9.354815 
9.355358 
9.35901 
9.356443 
9.356984 


9 988578 
9.988548 
9.9885 19 
9988489 
9 988460 


724% 303364 
— 9.363940 
9-3645 16 


9.365090 


9.306237 
9.3668 10 
9.367382 
9.367953 
9.868524 


9+357524 
9.35806 
9 358603 
9359141 
9 35967 


5 
5 


9.958430 
9.988401! 
9.988371;9-370231 
9.9883 4209.370799 
9.988312 9.371367 


9 369094 
9.369503 


20 


22 


25 
26 
27 
28 


9.300215 
9.300751 
1719. 361287 
9 361822 


9.362356 


9.302889 
19.363422 


8536 
249 365016 
9.365 546 
9, 3665624 


9.307132 
4 367659 


9.363954 
304455 


9.9882829.371933 
on 988282. +37 2499 
9.98822309.37 3064 
9 98819319.37 3629 
9. 988163 194537419? 
9.988133 
9.988103 
9.988073 
9.98804 3 
9.98801 3 


9.374750 
9.375319 
9.375881 
9.376442 
9-37 7003 


9355004] 


0.636636 
10.636060 
10.635484 
10.634910 
10.634337 


10.011276 
10.011305 
10.011334 
10 011364 
10.011393 


9.35007 5 


9.308155 


9,9087983 
9987952 
9.987922 
9.987892 
9.987862 
9 982821 


9.377563 
9.378125 
9.378081 
9 379239 
9.379797 

2380354 


Sine 


9 
1 
| 


10.63 3703 
10.633190 
10.632618 
10 632047 


9-808524[10.531476 


10.030900 
10.630337 
10.629769 
10.629200 
10 628633 


10.628067 
10.627501 
10 626936 
10 626371 


. — 


10.625244 
10.624681 
10, 624119 
10 623558 
10.622997 


10 622437 
10.621877 
10.621319 
10.620761 
10.620203 


10.610640 


10.011422 
10.011452 
10.011481 
10.011511 
10. 11840 
10.011570 
10.011599 
10 011629 
10 011658 
10 011688 


10.011718 
10 011748 
10 011777 
10 011807 
10.011837 


10.011867 
10011897 
10.011927 
10.011957 
10.011987 
10.012017 
10.012048 
10, 12278 
10.012108 
10.012138 
10.012 69 


Tangent 


+ 


10.047912 
10.64.7365 
10 646819 


10. 646274 5 


10.645729 
10.645118 

10. * 
10. 644099 
10.643557 
10.643011 

10.642470 
10.641936 
10.641397 
10.6408 59 
10.664032 


10 639785 
10 639249 
10.638713 
10.638 178 
10.632644 
18.637771 
10, 536578 
10.636046 


10.634084 


10.634454 
10.633925 


10.633396 
10.632868 


10.632341 
10.631810 


| 


10 6355156 


Secant 


76 Degrees. 
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Tangents and Secants. | ( 38 5 ) | 

13 Degrees. 
3 Sine [Tangent = 
DAY OE CT IVY IF ITO TEC IEC — — \ — — E. 
309.368 1859.987831 9:380354110.619646 10.012169110.631815 30 


31/9.36871119,98780119.380910[10,619090{10.01219c410.631289 
3219-36923619,98777119-381465|t0.618535 : 


10.012229110,630764|,3 * 


33.369765 109.9877 499-382020110.617980,10,01226q10,630239]z, | j 
9-37028519.98771019-382575/10.617425|10.012299Þ10,62971 5/26 _ 


3 9-37080819.98767919-383129 10.610871110,012321[10,629192|37 
3619-37 13399-98764919-383682 10.6163 18[10,012351110.628670 24 
379˙37 185 29.987618. 38423410. 61576610. 012382010. 628 148 
3819-37237 319-987588 9-384780, 10 615214/10.01241 270.6276271 22 
399-37 2894129975 57]9-385337110-614663110.912443[10.627106], , 
4019-37341419-9875 26[9.385 388/10.614112[10.012474|10.6205B6\70 
41]9-37393 319-987495[9-380438[10,613 562[10,012505110.626067]1g 
(4219-37445 2]9-98740519. 330987 10,613013110.012535110.625548|3} 
439.3749709. 987434 · 387 536|10.612464|10.012566[10,625030 17 
449.3786489. 984300. 38808 10.6119 1610. 01259 719.6245 13016 
459.37 600 39.587372. 38863 1010.11 369010. 012028 
4519-3765 1919-957 341.38917 810.6108221. 01265910. 623481014 
4719 37705 39.9873 109.3897 24 10.6 10276010. 01269010. 62295 
4319-377 5499.987279. 300% 0. 609 30.0. 012721 1. 
499.3780639. 087 2480. 3008 1510. 60918510. 01275. 
5019-37857 719-98721719-391359110.508641[10.012783110.62142 10 
5 119-37 908919-98718619.391923[10.608097[10.012814]t0.620g1 9 
5 219-37960113-987 15519-392447|10 607g 5 3/[10,012845[10.620399 
5 319-3801 1319-987 124. 392989|10.607011110.01287 
5419-33062 419.98709219.393531|10,606469 0.01290 
559.38 1134.987061. 39407 3012.605927 0.01293 10.618806. 7 
569.38 164309. 9870300. 39461 4012. 605 386.10. 01297010. 618357 
5719-3821 5243.98799819, 395 154/12. 60484610. ol 300210. 617848 
589.3826609. 9879670. 398693012. 60430710. o 3033 10,617340 
5919-38 316819.9879359-390233[12.603767[10 013004[10,016872 
6019-38 35750. 98790409. 306771012 603229110,01309510.516325 
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A Table of Artificial Sines, | 


14 Degrees, 


g-9860904(9.390771110.603229110.0130g6|10.616 32560 
9 98687 319.397 3099[10.602691|10.01312710.615819 
9.98684 109. 39784610. 602 154 10.013159 10.6 15313058 
9986809. 398 38 310.6016170 013191010. 614808057 
709.9807789. 39891910. 60 108 110.1322201 0.61430; 56 


W | | Secant | | 


9-y80740|9.399455[10-600555|10.013254|10.613799|55 
9.9367 1419.399990110.600010|10.013286[10.613296|54 
19-93668319.390524110.599476[10,013317110.612793153 
9.98665 109.40 105 810.598942 10.0 13349ʃ10.612291052 


2.9806 19.4019 1010. 59840910. 01338100. 61179005 
9.986587 402124110.597876|10.013413110.611289150 
9.98055 5% 402650010. 59734410. 0134450/10. 610789049 
9.9865 2300 40318710. 5968 1310, 13477I10. 610289048 
9.986491 403718110.596282|10,013509110.609790|47 


9.986459 9.494249110.595751Hho.013541 10. 60929205 
9.986427. 40477 810.595 222010. 013573010. 60879445 
9.986395. 405 308 10. 59469210, 13605106 28297044 
9. 98630309. 4058 36.10. 5941610. 01363710. 607801043 
9.98633 1. 40536410. 59363610. 01366910. 60) 30542 
9.986209 9.400 920/10. 593108010. 013201010. 5068 1041 
9-98626619.407419|1c.592581110.013734[10.600315140 
9.98623 109. 40794510. 590205 5f10.01375610.605 821039 
9.990252 9.40847 110.5915 29 10.013798010.605 327138 
9.98616919.408997}10.591003[10.013831[10.604834[37 
9.986137 /9:409521110.590479|10.013863[10.604342|36 
9.986 104% 41004510. 5 8995 5110.01 389610. 6038 50035 
9.98007 2090.410569. 10. 58943 10.013928010.6033 59034 


9. 9856009 411615/10.588 38510 013990 6023791} 
9.985974%.412137/10.587 862 10. 0140260. 601889031 
9-98594219.41265*[10.537342[10.014058|10.601400[30 


Hey | | Tangent Secant 5 
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9.986039 .0. 41109210. 58890810. 013961010. 602858 - 
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75 Degrees. 
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9.40 86 
9.409088 
9409575 
9.400062 
948549 


Sine 


9.985942 


[Tangent 


3.985909 
9.985876 
9.985843 
9.985311 


Secant | 


ol 


9-412658[10.587 342 
9:413179110.586821 
9.41 3699]10.586301 
9.414219110.585781 
9.414738[10.585262 


9-40T035 
401520 
9.402005 
9.402489 


4019-49345 5 


9.403938 
9.404420 
9.404901 
9.405382 


9.985778 
9-985745 
9.985712 


9.985679 
9.985646 


9.985013 


9.985580 


9.985547 
9.985513 


9.985480 


9415257010. 584743 
9.415775/ 10.584225 


10.014058 


10. o 14091 
10.01412 


10.014157 


t0.591400/50 
10.590912 29 
10.590425 28 


10.01418 


10. 599938027 
10.59945 1126 
10,014222[10.598965|25 
10.014255110.598480[24 


9.416293 
9.416810 


9 417326 


10.583707 


10.583190 
10.582674 


9.417842 
9.418358 
9.418873 
9419387 
9.419901 


10.582158 
10. 58 1642 
10.581127 


10.5 80613 


10.580099 


9.405 802 
9.406341 
9 406820 
9-407 295 
9-407777 
9.408254 
9.408731 
9.40920) 
9.409682 


9.400632 
9.411106 
9411579 
9.412052 
9.412524 
9.41 2996 


9-400157 


9.985447 
9-98 5414 


9.985314 


9.983380 
9.985347 


9.985 280 
9.985247 
9.985213 
9.985180 


9.985112 
9.985079 
9.985045 
9.985011 
9.984978 
1.98 4944 


Sine | 


9.985146 


9.427041 


9.420415 
9.420927 
9.421440 
9421951 
9422463 
9.422973 
9.423484 
9.423993 
9.424503 
9.425011 
9.425519 
9.426027 
9.420534 


10.579585 
10.579073 


10.578560 
10.578049 
0.577537 


10.577027 
10.576516 
10 576007 


10.575497 


10.524989 
10.574481 


10.573973 


10.573466 


10.572959 


10.0 1468610. 5922231 


10.014888 10.589368 


10. 014288010. 59799523 
to. o14321010.5975 11022 
10.0 4354/10 597028021 
10.014387 10.5985 45|20 
10. 014421. 5 95 ¹¹eο 
10. 01445 3]10. 59558018 
10. 01448710. 5950991) 
to. o145 20010. 594618 
10.0145 53J10. 594138015 
10.014588: 0. 593659 
10.014620. 59318013 
10,014653]10.592701|12 


10,01472<[10.59174<|10 
10.014753[10.591209] g 
10,014787]10.59079:] 8 
10. 01482000. 59031807 
10.014854J10. 589843 


10,014921110.5388894 
10. 014955010. 58842 
10.0 1498910. 587948 


942805210 571948 


9.427547 0. 572453 


Tangent 


10 015022 


10.0150g6 
— 
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| (388 ) ) A Table of Artificial Sines, 
| = 15 Degrees. 


5 Sine | [Tangent ; | Secant | | 


0 77 9849442805 210.57 1948|10.015056110.587004|60 
119. $13457 9.98491019-428557110 571443|10.015090[1t0 586533 9 
209 4139389.9848 70% 429002 10. 570938010. 015 124010. 58600208 
309.4144050 93484219. 429566010. 57043410. 015158010.585 592 57 
4. 14878 9.984805 2 43007010. 5699 30010 015192010. 585 122050 
7 
8 


$41534719-98477419-439573110.569427|10.015226[t0.58465 3 
9.415815 9.98474019-431075]10. 568925 10.015 260110. 5 84185054 
9.4628 309.9847069. 4315770. 56842 3010. 0152941058371) 53 
812 41675 119.984 57 29 43207910. 56792110 015328010. 583249052 
9.41721719.9846 3719: -432580]10.567420110. 015303 10.582783 5 
9.417684. Tuco .433080|10 566920|10. 015 397/10. 582316050 


[3-41814919.98456919-433580[10.566420]10.015431}10.58185 1049 
9.41801 59.9845 359/4340800. 565920010. 015455010 58138548 
o 41907 919.984 50000 · 43457910. 505421010. 015 50.580921 47 
19 4195 44]9 98446619 435078110 504922110 015534110 580456140 
19. 420007/19,98443219-435570[19-50442410.015568[10.579993 8 
9 420470.98 439743607 30105639270. 0156 ff. 57953010 
9 42093 30.984353 9 43657010. 56343010. 01553710. 579067043 
49 42139509.984 3289.437007 0.56293 310.0156720. 578605 42 
1919 421857 9.984293 9-437503 10.592437110.015707, 10.578143 41 
2019 42231819.98425919.438059|10-501941}0.c15741110-577082140 
219.4227780 98422419-433554|10.501446|10.015776110.577222139 
220.423 2380 98418419 439048[10.560932110.015811110.570762138 
(2319-42 3697.984115 439543]19-500457)10.015845110-570303137 
2419-424 5619.98412019.440036]10-559964}10.015880[10.575844[36 
[2519-42401519.93408519-4405 29010. 5 5947 1010.016915 10575385035 
260.4250 300.8840509. 441022010 55897810. 01 595010. 574927 b 


2719-42553019-98401519-4415 2 55878010. 01 598510. 574470“ 
280.4259870. 98 398 100.4400610. 557 9 016019110 57401 313? 
2900, 426443. 98 39469 4424970 557503110.01605 41105735573! 

30 9 42659919. 98391019 449238[10-557012110.016090110-57 3101136 
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47 Degrees. 


Tangents and Secants. 
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15 Degrees. 


5 Sine [Tangent Secant 


30.9, 4268999, 98 39 10{9,442983|10,557012110,0160g0/10,573101}30 
319, 42735498875 9,443 47910, 555521010, 1612510, 7264629 
527 4278099, 98389409, 443968010, 55603210, 1616010, 572191028 

9,4282639, 9838059, 44445810, 555 54210, 16 195/10, 571737 
9:42871719-98377019-444947|10555053]10,01623c[t0,571283]26 


35|942917019,983735 9,445 435/10, 5545650, 01626510, 5708300 
36]9-42992319,98370019,445923[10,554077[16,016300[10,570377]2 
43007 519-983604/9,440411]to,55 3589/10,016336110,569925123 
430527, 9836299, 446898010, 553102010, 1637 1010, 569473022 
43007809, 983 59409, 447384010, 55 261610, 01640610, 56902202 


43142909,98355 89,447 5010, 55 2130010, o16442l10, 51857100 
43187909, 9835 23, 4483 5610, 55 164410, 1647710, 568121019 
429.4323289, 983487, 448841 10, 5511591, 018513 10, 567672018 
9,9834520, 449326 0, 5 50674010, 16548010, 567222017 
44943322609, 983416, 4408 10010, 5 5019010, 165 84010, 5666774016 
9,9833809, 450940, 549706 e 15 
9.983345, 45077710, 549223010, 1663 5010, 565 
4794345699, 983 30900, 45 126010, 5487 4010, 16591010, 56543113 
48 9,4350169, 983273, 45 1743/10, 64825710, 1672710, 564984012 
49 9,435492[9,98323819,452225/10,547775[10,016762}10,5645 3811 
15019435908[9,98320219,4;2706|10,547294/10,01679%10,504092110 
51,4303 5300, 983 166%, 453187 fro, 5468 13010, 01683410, 563647 9| 
5209, 4367980, 983 3000, 45 3668010, 546332010, 01687010, 5632020 U 
534372420, 98 3094, 45414810, 54585 200, 01690610, 5627 587 
54/9+437686[9,98305819,454628[10,545372110,016942]10,562314| © 


55 9,4381 29,98 3022 9,455 100, 54489310, 016978 10,561871 5 
569,438 572 9,9829869, 45558610, 54441410, 1701410, 5614280 3 
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5719-439014 9,908 2950%, 45006410, 54393610, 1705010, 560986 
A 5819439456 9498291 4[9,456542[10,543453[10,017086[10.560544 
= 59 9:439897,9-982878[9,457019 10,542981[10,017122 10.5 60 103 
< b019»43033319-98284219,457490[10,542504[10,017158110-579562] 5 
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Sine | 


9.440338 
9-44977* 
9.441215 
9.441658 
9 44200 
9.442535 
9.442973 
9.443410 
2443847 
9.444284 
9.444720 
9445155 
9.415590 


| 


| Tangent 


16 Degrees. 


982842 


9.982805 
5.932769 
5.982733 
3.982696 
9.982050 
1.982024 
9.982587 


9.982551 


3.446025 
4 446459 


9 447759 
9 448191 
9448023 


9.9823 1 


9-44689 39.982294 
9.447 32619.982257 
9.982220 
9.982183 
9.982146 


9-982514 
9.98 2477 
9.982441 
9.982404 
9.982367 


9.457496 
9457973 
9458449 
9.458925 
"nm 2 } x tn 
9.459875 
9.460349 
9.460823 
9 401297 
9 461770 
9.462242 
9.402714 
4.463186 
9.463658 
9 464128 


10.542504 
10.542027 
10.541551 
10.541075 
10.540600 
3 
10.539651 
10.539177 
10.538703 
10.5 38230 


10.537758 
10.837286 


10.5 36814 
10.5 36342 
10.535872 


Secane | 


10.017158 
10.017195 
10.017231 
10.017267 
10.017 304 


10.5 59662 
10 559222 
10.558782 
10.558342 
10.557904 


10.017 340 
10.017376 
10.017413 


1001744 
10,01748 


10.017523 
10.017559 
10.017596 
10.017633 
10.017069 


| 


10.557465 
10.557027 
10.556590 
10.556153 
10.555710 
10.555280 


10.554845 
10 554410 
10.553975 
1s 553541 


9.464599 
9.465069 
9.465539 
9.486008 
9.46547 


9449054 
9.449485 
3-449915 
9450345 
9470775 


9.982109 
9.982072 
9.982035 
9.981908 


9.981161 


9.465945 
9-467413 
9 467880 
9.468347 
9.468814 


10.535401 
0.53493 
10.534461 
10.533992 
10.533524 


10.533055 
10.532587 
10.532120 
10.531673 
10.531186 


9451204 
9451632 
9.452060 
9.452488 
9452915 
9.453342 


9.981924 
9.981886 
9.981849 
9.981812 
9.981774 
9.981737 


Sine 


9.469280 
9.469746 
9.470211 
9.470676 
9 471141 
9 471605 


10.530720 
10 530254 
10.529789 
10.529324 
10.5288 59 
—. 828395 


[Tangent 


10.017706 
10.017743 
10.017780 
10 017817 
1001785. 


10.017891 
10.017928 
10.017905 
10.018002 
10.0180 z9 


10.018076 
10.018114 
10.018151 
10 018188 
10.018226 
10.018263 


10.553107 
10.552674 
10.552241 
10 551809 
10-551377 
10., 50940 
10.550515 
10.5 5008: 
10.549065 
10.549225 
10.548796 
10.548368 
[0.547940 
10 547512 
10.547085 
10.546658 


| Secant 


— 


-- -. wy, > * <P. Fe — + @- * 


Tangents and Secants. 


16 Degrees. 


— 


Sine | #4 [Tangent 


3919-45 3342[9,9817 3719471605 

9.453768 9, 98 16099. 47 2068 
9454194 9,98 16629, 472532 
9,45 4619 9,9816259,472995 
9455244,9,98158719+47 3457 
9:45540919,981 54919473919 
9+45539319,98151219,474381 
9,4563169, 98 1474,474842 
9,4567 3909, 981430,475 303 
945216200, 98 13999, 475763 
9.457584, 981361, 470223 
9,45 800609, 98 132309, 476683 
9,4584290, 98 12859, 477142 
439,45 884809, 98 1247%,477601 
44 9,4592089, 981 20909, 478059 


9,4696889, 98117 10, 4785 17 
9,4601080, 98 11330, 478975 
9,4605279, 98 10950, 479432 
9.460946 9, 98 10570, 479889 
4919-461364[9,98101919,486345; 
509, 46178200, 98098000, 480801 
9,4621999, 9809420, 48 1257 
9,4626160, 980904, 48 1712 
9,4630329, 9808 69, 482167 
[54 9,4634489, 9808 270%, 482621 
9,4638649. 9807 89, 483075 


Secant 1 een T 
10,52839 10,018263 10,546658/3c 
10,527932|10,018301, 10,540232|2 

10, 527408010, 018338010, 54580628 ll 
10,527005|10,018375110,545 381 | 
10,526543/10,018413[10,544956 
10, 52608 110, 01845 1010, 544531 
10,5 2561910, 018488010, 544107 
10,525 158010, 0185 26010, 543684 
10, 01856410, 543260 


10, 524697 
10, 5 2423710, 18601010, 542838 
10, 542416 


10, 5237770, 18639 
10, 52331710, 18677 10, 541994 
10, 5 22858010,01871 5/10, 541573 
10, 52239910, 1875310, 541152 
10,521941[10,018791110,5407 3210! 
10, 521483010, 01882910, 540312 

10, 52102510, 1886710, 5 39892 
10, 5 2056800, 1890510, 5 39473 
10, 5 201110, 01894310, 539054 
10, 5 1965 510, 1898 110, 5838636 
10, 51919910, 1902010, 538218 

10, 5 1874310, 1995810, 5378010 9 
10, 5 18288010, 1909610, 537384 

10, 5 1783 310, 19134010, 53696807 
10, 5 1737910, 019173010, 365 52 
10, 5 1692510, 019211 


9546469 


9.40552 
600, 46593 


569, 464279, 980 51 
9,405 10809, 980673 


19,9807 12 


209, 98063; 
59, 980596 


10,5 16471 
10, 516018 
10, 51555 
10,515113 
10,5 14661 


95483529 
9.483982 
9,4844358 
9„484887 
9,4853 39 


Sine | 


Tangent 


10,019249 
10,919288 
10,019327 
10,019365 
10,019404 


10,535721 
10,535 306 
10. 5 34892 
10-5 34478 
10 534065 


Secant 


6 
10,5 361360 5 
3 
2 


73 Degrees. 


B b 4 


* 


wad 


* 
n * — — 8 
5 2 „ 


(392) A Table of 


* | — — — — 
rüficial Sines, 


Ry" 


17 Degrees, 


Fe 'Y 


* 


„ Oe". 


WW" CIP 
— 


anal. r ** 8 


— 
Ore 


9-47 289819-97993 4 
9-473304[9:979%g5 
9.47371 
9.4741 1519-9798 169. 


48759 [10.5 1240710. 019g. 5 32004 
9.488043. 511957 


| Secan 


10.514661110.01g4 


9.47249219-979973 


9.979355 


9 4745 199979776 
9 4745239.979737 
9-47532719-979697 
9.457309. 976658 
9.476133 9.979618 


9.49296 
9-49341cj10.5005g0 
9-493854/10-506146 


9.425073 10. 503927 
4065 15/10. 503485 


9498722010. 50127 


— — 
q. 5 34005 


111 
10.5 32827 
10.532415 


o. 533652 
9.533239 


10.019792 
10.019831 
10, 019870 


10.020382 
10.020422 
10. 020461 
10.020501: 
10.0205; 41 
- 91 

— — 


Tangent 


4 3 


_— 


10.524270 


10 523857 
10.523454 


10.522259 
10.521858 - 


10. 531 5993 N 
5 10.531183 
| = [0.0197 L4j10.5/30773 

219429390] 10.5 10G1I10.019753 


10.529545 | 
10.5291 37[48] 


10.523062 
10. 522660 


Secant 


72 Degrees. 


—  — 


_—— as 


Tangents and Secants. 


— 138 


17 Degrees. 


Sine 


Tangent 


1 


50 977870 
39.478542 

9.478942 
5 479342 


- 9.480538 
719-480937| 
9-481334 
3919-491731] 
14919 482128 
9.482525 
9482921 
9.483316 
44 9 483712 


9.479741 
9.480140 


92222 


9 978979 


957977955872 
9793809, 509163 
979340 509603 17 9 % 
9-97 9300[945 90042 

6019-50048 1 


979180 
9-979140 
9 97910019» 502235 
2288892 502672 
9.979019 9.503 109 


F1918o.501359 


9.97893919-503982 
0.97 889819 504418 
9.97885819.59485 411 


501359 
9.501797 


503546 


10.499519 
10.499080 


10.501278 
to 5008 37 


10.499958 


10, 498641 
10 498203 
10.497765 
10.207328 
10.496891 
10.496454 


9.484107 
45] 9.484501 
9.484895 
9.485289 


19.9788 17 


9,978655 


.97877719- 
9787 3619-506 
9.978696 


9.505289 


9489 
9.506593 
9: 507027 


ro ate 48s 


10.496018 
10 495592 


0.495146 
10.494711 | 


10.493847 
10.493407 


| Secant 


10.020700 1.520658 
10 02074010 520259 


10 519860025 


10.020990 
19.02094 1 


10.020780 
10,020820 
10.020860 


10*519461 


10 518666 


10 51826921 


10. 02098 701 
10.021021 
10. 02 1061 
10.021402 
10.021 142 


10.021184| 
10.021223 


10.02 12064 
10. o2 1304 


10.021345 


10. 517872020 


10.517475 
10 5707 


10.515499 
10.515 105 
10.5 14717 
0.514317 


499 485682 
509 486075 
9.486859 


9.487251 
19. 487043 


9 486467 2 


9 978015 


9.978533 
9.978493 
2.978452 


9785749. 507893 


9.507460 


9.508326 


9.598759 
9.509191 


10 492973 
10 49254 
10.492107 
10.491674 


10. 49124 
10. 1.49009 


9.488033 
5019 488424 
9 438814 


9.489593 
9489982 


9 489204 


9.978411 


Sine 


9-978379 510054 
9.978329 
997828819 510916 
9.978247 
9.820600. 2 


9.50962 
9.510485 
511346 


10. 70.496578 
yh 489946 
10.489515 
10 489084 
10, 488654 
— 


10.021385 


10.021420 


10.02 1467 


10. 02154 45] 


10.021671 


| | Tangent 


10,021507 


10.02 75 89 
10.02 1630010 511576 


10.021712 
10021753 
10, 021794 


10.513925 
10.513533, 
mers 
10.512749 

10. 512367 


10.511967 
10.511186 


to 510796 
10.510407 


10 519063/23 


10. 5166841 
10.516288|16 
10. 515839075 
14 
134 
12 
1.1 
101 


A 


10.58 10018 


| Secant 


/ 


72 Degrees. 


( 394 ) 


A Table of Artificial Sines, 


| 
N 
ö 


18 Degrees. 


= 
S 


| Sine | 


Tangent 


9.4907 59 
9.491147 
9.491524 


9.49998 29.978200 
9-49937119- 9781051 
2978124 
9.978083 
9.978042 


9.511770 

512206 
9.512635 
9.513004 
9:513493 


10.488224 


10.4377 94 
10.487 365 
10.486936 
10.486507 


Secant 


10.021835 
10.021876 
10.021917 
10.021958 


9491922 
9-492 308 
9.492095 
9.493082 
9.403466 


9.978001 
9.977959 
9.977918 
9.977878 
9.977835 


9513921 
9-514349 
9.514777 
9.515204 
9.515631 


10.486079 
10.485651 
10.485223 
10. 484796 


9.49385 
9.494236 
9.494620 
9-495095 
9 495388 


9-977794 
9.977752 
9.977711 
9.977669 
9.977628 


9.516057 
9.516484 
9.516910 
9.517335 
9.517701 


10.483943 
10.483516 
10.483090 
10.482665 
10.482239 


9495772 
9.406154 
9.496537 
9490919 
29.497301 


9.9775 86 
9.977544 
9.977503[9- 
9.977461 
9.977419 


9.518185 
9.518610 
519034 
9.519458 
9.5 19882 


10.481815 
10.48 1390 


10.480542 
10.480118 


9.497082 
9.498003 
9-498444 
9.498824. 
24 9.40204 


9.499363 


9.977377 
94977335 
9.977293 
9977251 
9-97 7229 


9. 49958419.977 467 .977 467 
9.977125 

4 500342 0.977083 
9.500219. 977041 
9. 0 0999.975999 
9.c0147619.9769 


10. 479695 
10.479272 
10. 478849 
10.47 842 
10. 47800; 


10.477583 
10.477162 
10.4767 4) 
10.476321 
10.475900 
10. 47448 


9.520305 
9.520728 
9521151 
9.521573 
9.821988 
9.522417 
9.522838 
9.523259 
9-523679 
9.5 24100 


5719524520 


| | Sin 


10.484309 


10.480966 


| | | Tangent 


10 021999 
10.022041 


10.022082 
10.022122 


10.022165 


10.022206 
10.022248 
10.022289 
10.022331 


10.022322 
10.022414 


10.022456 
10 022497 
10522539 


10.022781 


10.022623 
10.022655 
10.022707 
10.022749 
10.022791 


10.021794 


10.507305 53 
10. 50691952 
10.596534|51 


10. 50499 5/47 


10. 504612046 


10. 504228045 
10. 50384644 
10. 503463043 
10. 50308 1042 
r10.502699/41 
10.502318|40| 
10.501937139 


| 


10.501556[38 
10.501176|37 
10. 10.500796 36 


10.022833 10 10.500416[35 35 
10.02287;|10 500037134 
10.022917 10.459658|33 
10. 022959 10499279032 
10. oz 3001 10. 498901031 


10.023143 10.498524 


Secant 


71 Degrees. 


— —— 


— — 


Tangents and Secants. 


__—_. 


— 


— 


18 Degrees. 


—— 


Sine 


9.501470 
9.501854 
9.502231 
9.502607 
9.502984 


9.976914 
9.976872 
9.976830 
9.976787 


9.503300 
9-593735 
9.504110 
9-594485 
9.504860 
9-505234 
9.505608 
9.505981 
9.502354 
9g 506727 
9.507099 
9.50747 
9.507843 
9.508214 
9-508585 


Tangent 

9-97695719-524520 
9524939 
9525359 
9525778 
9.526197 


10 475459 
10.475061 
10.474641 
10.474222 


10.473803 


9.976745 
9976702 
9-976660 
9 976617 
9.970574 
9.970532 
9.976489 
9.976446 
9.976404 
9.976361 
9.970318 
9.976275 
9.970232 
9 976189 
9.970146 


7 55575 
9.50932 

9.509696 
9-5 10065 
9.510434 
9.510802 
9.511172 
9.511540 
9.511907 
9.512275 


9.512642 


9.976103 
9.976060) 
9.976017 
9.975574 
9.075985 


9.526615 
9.327033 
9.527451 
9.5 27868 
9.528285 
9.528702 
9.529119 
9.529535 
9.52995 
9. 530300 
9.530781 
9.531196 
9.531611 
9-5 32025 
25722439 
9.552853 
9.533266 
9-533679 
9.534092 
9.534504 


10.473385 
10.47 2967 
10.472549 
10.472132 
10.471715 
10.471298 
10.470881 
10. 470465 
10 470050 
10.469634 


10. 468 804 
10.468389 
10.467975 
10.46 561 
0.467147 
19.466734 
10.466321 
10.465908 
10. 465496 


9.975887 
9.975814 
9.975800 
9.975757 
9.975713 
9.975675 


| Sine 


9.534916 
9,5353529 
9.535739 
9.536150 
9.536561 
9.530372 


10.465084 
10.464672 
10.464261 
10463850 
10.463439 
10.463028 


10. 4692 1910.023682 


Secant 


10.02 3043 
10.02 3086 
10 023128 
10.023170 
10.023213 
10.023255 
10.023298 
10.023340 
10.023383 
10.023426 


10. 023408 
10.023511 
10.023554 
10.023596 
10.0 3639 


10.023725 
10.023768 
10.023811 
10.023854 


10.023897 
10.023940 
10.023983 
10.024026 
o 024070 


| 


10.498524 


10.497779 
10.497393 
10.497016 
10.496640 
10.496205 
10.495890 
10.495515 


10.494706 
10.494392 
10.494019 
10.493646 
19.493273 


10.492529 
10.492157 
10. 491786 


10.491415 
10.491044 


10.489935 


10.4981 10 


| 


10.490674 
10. 490304 


10.489566 


10.495 14001 


10. 49290101 


10.024113 
10. 024156 
10.02 4200 
10.024243 
10.024287 
10.024330 


Tangent 


10.489197 
10.488828 
10.488460 
10.488093 
10.487725 
10.487358 


Secant 


ul o — Nw + wn | 0 0 4 + 


tent. Ahn. Ml. tt... it ite: — n —_ 


— 


71 Degrees. 


4 hy _ 3 1 . 
_— CE” Ix 


(396) A Table of Artificial Sines, 


19 Degrees. 


CE TI CC ——_Y 


— "IS 


b 


5133759.97 5583 9.53779 2010. 462208010. 024417 
5137411997 553919-538202[10.461798[10.024461 
40719.97 54096 9.538011[10.461389}10.024504 


59.5 1264 9 075070 9.53097 2[10.463028[10.024330 10.487358 
19.5 13009}9-97562619-537 382110.462618110.024 374 


on 60 
10.48099 109 
10.486625 58 | 
10 486259057 
10.48 589356 | 


9-5 15202(9.975365[9-539837[10.460163}10.024635 
19.5 155669. 97 532119-540245[10-459755[10,024679 
9.5 1593099.975 27719-54965 3110-459347[19-024723) 
99.5 62949 .9752330. 54100170. 4589390. 024767 
r1g.51665719.97 5 1899. 54140810. 4585 3210.024811 
529.5 170209. 975 1459 -541875/10.458 125/10. 02485 
139.5 173829.97 5 101.5422811. 457719110. 024899 
14% $1774519-97505719-542088[10.457312[10.024943 
150˙51810 79.975013 ·54 309410. 45690610. 024987 
169.5184689. 974909 9.543409 10.456501. 025031 
Þ 9-51882919.974925 9.5 439030. 45609510 025075 
1 9.591909.9748809.54431⁰ 10.45 5690110. 025 120 
1919: 51955119-97483619-544715110-455285110.025 164 
9.519918/9.97479219-545119110.454881[10,025208 
219.52027119-974747[9-545524119-45447010.025253 
229.5 2063 109.9747030 545923[10-4,4072[10.025297 
2309. 52099009. 97 465909. 54033 1010.45 3669 10.025341 
2413.5213499.97461419.5407 35110.453205110.025 386 
-$2170719-974570]9 547 138010. 45 280210. 025430 

66 9.545400. 45 246010. 025475 
27.522423. 97448 10.547 943010452057 (10.0255 19 
2819. 5227$119-97443619-548345110.451655[10.025 564 
| 9-548747110-451253[10.025609 
719-5491 49H0.45085 1[10.025653 


— 


| Tangent 


9.5144729·97545 219-5 9 010.4800 024548 
9.5148379.97 54089.5 3942910. 46057 1010.024592 


: 


* 


10.425805 


10. 48407051 


10.482256 5040 


10.478655 36 


10.485528|5; 
10. 484798053 
1048443452 
10.483706 50 
10483343049 
10. 482980048 
10.48 2618047 


10.48 1893045 
10.48 1532044 
10481171043 
10. 4808 10042 
10. 480449041 
10. 480089 40 
10.4797 29039 
1047936955 
10479010037 


6 ——— 


10. 478293035 
10477934634 
10.4775771-3 
10. 47721932 
10. 47686203! 


Secant 


. 
— 
I 


| | . 70 Degrees. 


! 


| Tangents and Secants. 


— 


1 & 


19 Degrees. 


E Sine | | [Tangent Secant | 


— —— 


3019-523495(9-97 4347 9-549149}10 43085 1010. 02565310, 47650 
31 9.523852 97430209.5495 50010. 450450 10.025698 10.47614 
3209.5242089.9742579-54995 1010. 450⁰ 10.025743 
330.5 245649.9742 1200 55035210. 44964810. 0257 88010.47543 
3419-52492919.974167 9.550752110.449248110.025833110,47508 
13519-52527 519-97412219-551152110.448548 

(3619-5 256309. 97 407719-551552110.448448[10.025923]10.474370|24 
13719-525984/g9-97403219-551952110-448043[10.025968110.474016|23 
389.5203399 9739879.55238 1010. 4475490. 26013010. 47 366 1022 
82 516693997 3947952750 10-447250110.026058110.473307|21} 


[4019-527046/9.97 389719-553149|10-446851110.02610310.472954/201 
(41]9-52742019.97385 219-55 3548110.440452110.026148|z [19 
142 9527753 9-97 380719-553946 10.440054 t0,026193 10.47 2247 2 
{4319-5 2810519.97 376119.554344|10 445656[10.026239110.471895]17} - 
44% £2345819.973716]9-554741110-445256110.020284110,47 154246) 
14519-52881019.97 307119-555139 10. 4448610. 026329 
145]9-52916119.97362519-555536110-444404[10.026375 
14719-5295 1319-97 358019.55 5933119.444007[10,026420 
489˙5 29864 973535 556329110-443671110.026465 
14909. 5 302159. 9734890. 55 572510. 4432751002651 | 
159195 3950519-97 344 319-557 12100. 442879. 0. 02655710. 4694350 
519-5 309 159.9733989.5575 1710. 44248300. 026602. 46908 fl 9 
15219-$3120519.97 335219 557912010. 442088010. 026048010. 468735 8 
(5 319-53161419-97 336 9.558 308010. 44169 0.02669 3.10. 408386 7 
|54/9-$31963/9-973261 9.558702[10.441208|i10 0267 39|10.468037] 6 
| 5519-5 3231219.97321519-559097[10,440903110.026785\10,467688| 5. 
56953266 19.97 3169]g,559491110.440506[10.026831|10.4673 39] 4 
9.53 30090997 3124-55988 510.4401 15010. 02687610. 4669910 3 
9.533357 9.973078 9. 5607910. 439720010. 26922010. 4666430 2 
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2119.59807 50.962890 


2419-59895 219-9627 2716 
5992459625725 
27.599820. 9625626 
280. 000 11809 90 ο 

2919-60040919.95245 31S 


Sine 


"I 


9. 590315) 90321 9. 633098 10. 3669010. 03678310. 40368507 
099.963 162 9.633447] 10.3665 5 310.0368 3810.403391 
1755 5960 9631089.633795 10.366205[10.036892 


9.59749219-96299: 1s 634490] 10.365510J10,037001 
209 59778319. 9.962945 9.634838[10.365162[10.037055[10.402217 4 


0 
22009. 598368 q 96283609 658355 10. 364468010. 037 164110. 401632 3 
230.5986609. 96278 109. 035879 10.364121110.037219 - 

5 


z019.600700[9.962 398 638 302] 10.461695}10.037602[10-39930 30 


10. 403097 43 
10. 402804 
10.4025 10],, 


634143010. 36585710. 036946 
63518510. 3648 1510.0 3711010. 401925 3 


636226010. 363774 0.037273 10.40 1848 
36572010. 303428010. 037 328010. 400756 35, 
4 
3 


63725510. 36273510. 03743800. 4007303 
637611010. 362389010 037492 


63795610 36204410. 03754710. 3995910; 


|Tangen Secant |» 


66 Degrees. | 


— 
A ts 


n—_— 


-- 


Tangents a — 


rr 


(4%) 


— — 


23 unn 


— 


9. 601 
601 


9. e 
9552439 
9.60272 
9.603017 
9.603305 


719.60560 


9 00359 

9. 65882 
9.604170 
9-004457 
9 604745 


Sine | 


A 50700 707796 
6209999. 992343 
9. 6012800. 962288 


70 9.9622 
9.601860 5 9621 


1 


2 


r 


9. 638302 
9.03364; 
9.638992 
g* 039337 
9.639082 


Tangent 


| 


10 361698 
10.36155: 

10.361008 
10. 360663 
10. 360318 


9.952123 


962067 


962012 
9961957 
9.961902 
9.961846 

29. 961791 


9.961735 
9.961680 


9.961624 


9.640027 
9.040371 
9.640716 
9.641060 
9.641404 


9.641747 
9.642091 
9.042434 
9.042777 
9. 643120 


10.359973 


10.359284 
10.358940 
10.358896 
10.358253 
10.357909 


10357223 
10.350880 


9.605032 
9.605319 


9* 606405 
9.606751 
9.607036 
9.607 322 
9.607607 
9.607892 
9.608176, 
97608461 
9-674 


9-609313 


| 


6 


| 


9.951569 
9. 95784 
990145 

9. 6058929 961402 
9. 606179'9.961346 9613460 


9. 9.967290 
9.991235 
9.961179 
9. 961123 


9.061067 
9. 951071 
9.960955 


9.960899 
59.950343 
9.60992gig 960786 
3-9607 30 


9-043403 
9.643806 


9.644148 


644832 


9 575779 
9-0455 

9 647837 
9.645199 
9.646540 


9.644490 


10.3565 37| 
10.356194 
10.355852 
10.355510 
10.35 5168 


10.359629 


10.357569 


Secant 


10.037002 
10.037657 
10.037712 
10. 037767 
10. 10.937823 
10. 10.037877 
2 
10.03798 

10.038043 
10.038098 
10.038154 
10.038209 
10.038265 
10.038320 
10. 038370 
10.038431 
10. 5180 
10.038542 
10.038598 
10.038854 


10. 354826 


10.354143 
10.35 3801 


10. 353460 


9.046881|1c 
9,047222 
9-047502 


9-047903 
9.048243 


10.353119 
10.352778 
10.352438 
10:352097 
10.351757 
10.351417 


Sine 


= 648583 


| Tangent 


0110.354484 


10.038710 
10.038765 
10.038821 
10.038877 


10 038933 


10.399390 


10.395255 


— — 


19.399010 
10.3967 
10.398436 
10.398140 
19.287251 
10. 39750} 
10. 35025 


3 


10.395543 


10.304908 
10.394581 
19.394394 
10.394105 
10. 3 3821 
10.393535 
10.393249 
10. 392964 
10.392678 
1.392395 


10.538989 
10.039045 
10.039101 
10.039157 
10.030214 
10.029270 


| 


10.392108 
10. 391824 
1.391539 
19. 391355 


10.39097 
to. 10.295887 


Secant 


—.— wo 6 


BE 


— — 


| 
| 


66 


Degrees. 


5 


— 


UN 


C3 


th he. Aft. AA 


121 


— 81 00 e. 882 — 0 LN 


(406 


) 


A Table of Artificial Sines, 


24 Degrees. 


Sine 


| 


9.60931 319.9997 30 
9.609597 9. 950674 
9. 6098809. 960618 
9.610163) 960561 
9.610446. 960505 


9.610729 
9.611012 
9.611294 
9 611576 
9.611858 


9.900448 
9.900392 
9.960335 
9.960279 
9.960222 


9.012140 
9.612421 
9.612702 
9.612983 
9613264 
9.613545 
9.613825 
9 614105 
9-614385 
9.614665 


12 
13 
14 


is 
16 


17 
18 


19 


9. 960 165 
9.960109 
9.96005 2 
9.959995 
9959938 
9.959882 
9.959825 
9.959768 
9.959711 
9.959053 


20 


9 014944 
9.615223 
22]9.615502 
2309.615781 
24 9.616060 
2565.776338 
2609.5 16616 
27.516894 
2809.617172 
29.517450 
3009.617727 


9.959596 
9.959539 
9.959482 
9.959425 
9.252308 


Tangent 


9.648583 
9.648923 
9.649263 
9.649602 
9.649942 
9.650281 
9.650620 
9.650959 
9.651297 
9.651636 
9.051974 
9.052312 
9.652650 
9-65 2988 
9 653320 
9.053063 
9,05 4000 
9.054337 
9.054074 
9.655011 
9.055348 
9.055684 
9 656020 
9.656356 
9.656692 


10.351417 
10 351077 
10.350737 
10.350398 
10. 350058 
10.349719 
10. 349380 
10. 34904 
10.348703 
10.348364 
10 348020 
10.347688 


10.347350 
10.347012 


10.346674 


Secant | 


10.039270 
10.039326 
10.039382 


10.039439 


10 039495 


10.039552 
10.039608 


10.039665 
10.039721 
10.039778 
10.039834 
10.039891 
10.039948 
10.040005 
10 040062 


10. 390683 
10 390408 
10. 390120 
10. 389837 
10-389554 
10.389271 
10.388988 
10.388706 
10.388424 
10.388142 
10.387860 
10.387579 
10 387298 
10.387017 
10 386736 


10.346337 
10. 346000 
10.345663 
10.345326 
10.344989 
10.344052 
10.344316 
10.343980 
10.343644 
10. 34330 


| 


9.959310 
9959253 
9.959195 
9.959138 
9.959081 
9.959023 


9.657028 
9.657364 
9.657699 
9.658034 
9.658369 
9 658704 


| 


Sine | 


10.341296 


10.342972 
10.342636 
10.342301 
10.341966 
10.341631 


10.040118 
10.040175 
10.040232 
10.040289 
10.040347 
10.040404 
10.040461 
10,040518 
10,040575 


10.040632 


o. o4069o 
10.040747 
10.040805 
10 040862 
10. 40919 
10.040977 


10.386455 
10.386175 
10.385895 
10.385015 
10.388335 
10 38505 


10.384777 


10.384498 
10.384219 


10.383384 
to. 383 100 
10.382828 
10.382550 
10.382275 


Tangent 


| Secant 


10. 38394003 


| 


65 Degrees. 


Tangents and Secants. 


32 9.6202 13 9.958503 


10.338290 


40.9 6204889. 95 8445 
419 620763 958387 
4209,62 103809958329 
449-62131319.958271 
4419.62158719.958212 


45]9-621861][9.958154 
45[9.62213519.958098 
4719 62240909 958038 
48]9.62268219.957979 
49]9-62295619,957921 


10.337957 
10.337024 
10.337291 
10 330958 
10.336225 


10.336293 
104335901 
10.335029 
10,335297 
10 334905 


50.9 6232299 957863 
519 62350209. 957804 
529.6237749 .957746 
5319.623047[9.957687 
54 9.62311 


9.987628 


10.333309 


5$519-02459119.957570 
56.9 62486319.957511 


10.332979 


10.334634 
10.334303 
10.333971 
10. 333640 


10.332648 


10.041962 


10.04 22540, 37622 


10.04 1497/10 3797871 | 
10.041555 10.379572 
10. 0410310. 37923719 
10. 041671010 378902018 
10.041729 10 37868717 
10.041788)10 378413116 
10.041846 10.378139|15 
10.041904[10. 377865 14 
10377591113 
10,042021,10.377318 12 
10.042079 10.377044/1 I 
10,042137,10.37077110 
10.042196 10.576426 9 

8 
10.042313 10.379953 7 
10.042372 10.375681 6 
10 042430 10. 375406 
10.042489 10 375137 


— 


5 

4 

5719 625 1359.957452 10. 33231810. 042548 10.374865 3 
589.625 4009.957393 10 33198710. 042607 10 374504 2 
599 .6256779.957335 10, 33165) 10 042665 10.374323 

60[9,625948]9.957 276 10,331 32$110,042724 10. 374052 

Sine Tangent Secant 3 
— —— * 
65 Degrees. | 


— 


( 407.) 
24 Degrees. 
| , — 
5 Sine Secant oy | 
| 30 9.617727 959023 10-3412G0[10.041977 10.382273 50 
319.6180049. 958965 10 34096 1010.410350. 38 1956.29 
32]9.618281[9.95 8908 10.340027110.041092[10.3817 19128 
33]9 61855819.958850 10. 340292010 c41150[10.381442/25 
449.6718833 9 958792 10.339958]10 041208|10 38116+|26 
35 9.619110 9.9587 34 10. 339024 10.0412066 10 3580891125 
369.6193869 958677 10,339290[10,0413231:0 380634/24 
3719.-61966219.958619 10.338957[10.041381|10 380338023 
3819.61993819.958561 10. 338623010. 04143910 380062|22 


_( 408) 


A Table of Artificial Sines, 


8 


L 


— — 


25 Degrees. 


*ur]N| 


Sine | 


Tangent | 


hn, Of Tn 


Je — 


9.625948 
9 117 
9.626490 
9.626760 
9.627030 


9.957270 
9.957217 
9.957158 
9.957099 
9.95 


9 668672 
9.669002 
3-669332 
9.66966 1 


9.669991 


— 


enges. 


9.027 300 
9.627570 
9.627840 
9.628 109 
5.628378 


9 950981 
9.950922 
9.956862 
9 956803 
9 950744 


4.070320 
9.670649 
9.679977 
9.671306 
9 671034 


10.331328 
10.330998 
10. 330668 
10.330339 
10. 3 30009 
10. 329680 
10.329351 
10.3 29023 
10 328694 
10.328366 


10 
117 
12 


9.628547 
9.628916 
9 629184 
9.629453 


13 


149.0297 21 


9.956084 
9.956625 
9.956566 
9.956506 
9.956447 


9 071903 
9.672291 
9.672619 
9.672947 
9.673274 


10.328037 
10.327709 
10.327381 
10.327053 
10.326726 


Secant 


10.042724 
10.042783 
10.042842 
10 042901 
10 042960 
10.043019 
10.04 3078 
10.043138 
10.043197 
10.0432 56 


10.043316 


10.043375 
10.043434 
10 043494 


1599.529989 


1609.630257 


17 9.6305 24 
189 630792 
1900.631059 
209-631326 


21,63 1593 


220,631859 


5 
26 
27 
28 
29 
30 


| 


2319.032126 


9:032392 


9.576927 
9.956327 
9.956268 
9.956208 
9-959148 
9.956089 
9.956029 
9.955969 
9.955909 


9 955849\9-6765 44 


3 673602 
9074257 
9-67 4584 
— 
9.075 236 
9.675503 
(9-07 5890 
19.6752 17 


10,320378 


9.67 3929010. 32609 1010 04367 3 
10.325713110.0437 32 


10.325039 
10.325 460 
10.324763 
10.324436 
10,3241 © 
10.323784 
10.323457 


9.632658 
9.632923 
9,633 189 


95955789 
9.955729 
9.955669 


9.633454 
9.633719 


9 955609 
9.955548 


9.63398419.955488 


[9.676809 
9.677194 
9.677520 
9.677846 
9.678171 
9.678496 


1 


| Sine 


Ak 


10.323131 
10.322806 
10.322480 
10.322154 
10.321829 


10.321504 


10 043993 
10.043613 


10 043792 
10.043852 
10.043911 
10.043971 
10.044031 
10. 44091 
10.044151 
10.044211 
10.044271 
10, 044331 
10.044391 


10.044452 
10.0445 12 


1 


| 


10. 367608 


— — 


10.374052 


10. 322970056 


10. 372700 
10.372430 


10.372160 


10.371622 


10. 37 1084 
10.3708 10 


10.320279 
10 370011 


10.369743 
10.369470 
10. 369208 
10. 268941 


10. 36867400 


10, 368407 
10. 368 141 
10 367874 


10.367342 
10.367077 
10. 3668 11 
10. 3665 46 
10. 356281 
10 366016 


Tangent 


Secant 


10. 3737810 
10 3735105 
10. 3732400 


10.371891 


10.37.3826 


10. 37054714 


bo 
5 
— 


5 


9 
8 
7 
5 
4 
53 
2 
I 
0 
49 
48 

7 


46 


is i 


64 Degrees. 


325 | 


| 


. vw” 


2% 3" 


— 


1 


Tangents and Secants. 


25 Degrees. 


— 


3 Pa: 


Sine 


[Tangent 


9,033954 
9,034249 
9.634514 
9634778 
9,035042 
9,035 300 
95035570 
9.635833 
9.630097 


9,636880 
9,0637148 
9,037411 


19037673 


9,036360, 
9, 630023 


97955488 
95955428 
9,95 5368 
97955307 
2288247 
95955186 
9.955126 
95955065 
9.95 4005 
97954944 
9.954883 
99954823 
9,95 4702 
9,954701 
9,95 4040 


| 


9,07 8496 10,321504 


9.679146 
9,6079471 


9,0679795 


9080120 
9.680784 
95080768 
9708 1092 
9,6814116 
9,08 1740 
9,68 2063 
95082380 
95682710 
92583033 


5619» 


1583 


1 


804'9,95 3996 
57 641064 9.953845 
589,641323 9,953783 


599.64 
5009, 64184 209,95 3660 


Sine | 


97954518 
9954457 
9.954390 
9984335 
97951274 
97954213 
95954152 
97954090 
95954029 
9,95 3908 


9,6083350 
9,6083078 
9,0884001 
084324 
84040 
9,6849068 
9,085 290 
9,6685612 
9,68 5934 
97686255 
9086577 
9,686898 
9,087219 
9087540 


9.953722 


9,6878561 


9,67 882110, 321179 


10, 320854 
10, 3205 29 
10, 320205 


10,044512 


— 


Secant 


10,044572 
10,044032 
10, 44693 
10,044753 


10,31988c 


10,319556 
10,319232 


10, 318905 


10, 318584 
10, 318260 
10, 317937 


10,317014 
10,317290 


10,316907 
40,310322 


10,31567 
10,31535 
105331503 
10,3147 
105314388 


(315979 


10,313745 
10,313423 
10,313102 
10,312781 


10, 316644 


0 


10, 314066 


10, 312460 


10,Ü 312139 


10, 44814 
10, 44874 
10, 44935 
$0,044995 
10,045050 
1050435117 
10, 45177 
10,045 238 


10,045299 
10,045 360 


10,363640 


10, 36601 


10, 365751029 


10, 36522202 


10, 364958 
10, 364694 


10, 3044302. 


10, 364167 
10, 303903 


10,303377 
10, 363114 
9g es 5 
10, 362589 
10, 362327 


10,04542ʃ 


10, 45482 


10,45 543 


10, 45726 
10, 45787 
10,4584 


10,04597 1 
10, 4603 2 
10, 04999 
10, 46217 


10,045004 
10,045665 


10,0445 910 


10, 362005 
10, 361803 
10, 36154 

10, 361280 
10,361019 
10,3007 58 
10, 360497 


—— | 


20 


lO, 360236 
10, 369970 
10, 369716 


10,359450 


10.358 


10,940278 


9,688152|10,311818[10,04634 


| Tangent | 


10.358417 
10.388158 


Secant 


10, 359196 
10,358930 
77 


5 wack wa WA 41 Sg © 


64 Degrees. 
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2 — - 


„ 
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PY 


( 410 ) 


A Table of Artificial Sines, 


26 Degrees. 


Sine 


© 9.641842 
19.642101 


9.642360 
9.642618 
9.642876 


9.95 3600 
9-953598 
9.953537 
9953475 
9.953413 


Tangent 


Secant 


9.088182 
9.688502 
9.688823 
9.689143 
9.639403 


[9043900 


9.043135 
9-043393 
9.643650 


9.644105 


9.953352 
9-95 3290 
9-95 3228 
9.953166 
9.953104 


9.089783 
9.690103 
9.690423 
9.690742 
9.691062 


1 


9.644423 
9.644680 
9.044937 
9.645193 
9.645450 


9.953042 
9-952980 
9.952917 
9.952855 
9.952793 


9.691381 
9.691700 
9 692019 
9.692338 
9.692657 


9.645706 
9.645962 
9.646218 


9.646474 


12219 647495 
2319-047749 
240.64 8004 
259.6482 558 
269.6485 12 

79.648766 
289. 649020 
4299.649274 
E —.—. 


th. 


_—_— 


94952731 
9.952669 
9.952606 
9952544 

6467 2019.9 52481 
9952419 
9-952356 
9.952294 
9.952231 
9.952168 
9952105 
9.952043 
9-951980 
9.951917 
9-951854 
9:951731 


Secant 


9.092975 
9.093293 
9.693612 
9.693930 
9.694248 
9.694566 
9.694883 
9.695201 
9.655518 
9.695836 
9.696152 
9.696470 
9.696787 
9.697 103 
9.697420 
9.597736 


10.311818 
10.311498 
10.311177 
10.310857 
10.3105 37 


10.046340 


10.046402 
10.046463 
10 0465 25 
10.046587 


[0.310217 
10.309897 
10.309577 
10. 309258 
10.308938 
10. 3086 19 
10. 308 300 
10.307981 
10. 307662 
10.307343 
10.307025 
10. 306707 
10, 306388 
10. 306070 
10.305752 


10.305434 
10.305117 
10. 304799 
10. 304482 
10. 304164 


10. 303847 
10. 3035 30 
10.303213 
10. 302897 
10. 3025 80 
10.202264 


Tangent 


3 


10.046648 


10.358158 


10.357899 
10.357640 
10.357382 


10.357124 


10.350865 


10.0467 10010. 356607 
10046772010. 3563 50 
10, 4683410. 35 6092 


10.046958 
10,047020 
10, 47083 


10.047145 


10.047207 


10.047269 
10, 47331 
10.047394 
10.047456 


10.047519 


10.047581 


10.047644 
10.047706 


10.047769 


10.047832 


10.047895 


10.047957 
10. o4 8020 


10.048083 
10.048 146 


[0.048206 


10. 04689010. 35583508 


10.355577 


10.35 5320 
10.35 5063 


10. 354807 


10.354550[46 


10. 354294 


10. 354038 


10.35 3782 


10.353526 
10. 35327101 
10.353016 
10.352761 
10.352505 
10.352251 
10. 35 1996030 
10.351742 


10.351488 


10.35 1234 
10. 350980 


10.380726 
10.382473 


Secant 


* 


63 Degrees. 


— at 


Tangents and Secants. 


26 Degrees. 


Sine 


| | [Tangent 


9:649527 
9,649781 
9,040034 
9,050287 


9,050539 


97951791 9,5977 36, 302264 
9,95 172809, 69805 310, 301947 
9,95 16659, 69836910, 301631 
9,95 160209, 69868 510, 301315 
99515 3919,099001|10, 300999 


9,050792 
9.65 1044 
9,651 297 
9,051549 
9, 651800 


y. 9652052 


9,6 3 
9,6528555 
9,65 2806 


9,65 3057 


9,95 14769, 0993 10/10, 300684 
9,9514120, 69963210, 300368 
9,95 1349 9,6999470, 300053 
9,95 12800, 70026310, 299737 
9,0512220, 700578010, 299422 
9,95 1159, 70089310, 299107 
9,95 1090, 70120810, 298 792 

9,95 1032, 70152310, 298477 
9.950965 970183710, 298 163 
9,95090519,702152[10,297848 


9653307 
9,6538558 
9,65 3808 
9.654059 
9.654309 
9,654558 
9.654808 
9055957 
9,0 65539713 
9.65 5556 


9.95084 1%, 70246610, 297534 
9,9507780, 70278010, 297220 
9,9507 14%, 0309510, 296905 
9,9506509, 703409010, 296591 
9,95058619,703723110,296277 
9:95952219,704036|10,295964 
9,9504589, 043 5010, 295050 
9,9503949, 70466310, 295337 

9595033009, 70497710, 295023 
9,950266[9,705290 10,294710 


9.655 805 
9,656054 
9,656302, 
9.656551 


9,6567999, 950945 9, 706 
019-05 7047|9-95088119,707166110,293834 


9.950 2020, 70560310, 294397 
9,9501380, 70591610, 294084 
9,9500749, 706228010, 293772 
9, 9 οον g, 78084. 10, 293459 

5410, 293146 


| Sine 


Tangent 


Secant 


10,04820g 
10,048272 
10,048335 
10,04 8398 
10,048461 
10,0485 24 
10, 048588 
10,4805 
10,0487 14 
0.04877 
10, 048841 
10, 48904 
10, 49968 
10,04903 2 


19,049095 


10, 49159 
10, 049222 
10, 049283 
10, 49350 


10,049414 


10,049478 
10,049542 
10,044y606 
10,049670 


10,0497 34 


10,049798 
10,049862 
10,049926 
10, 49991 
10, 5005 5 


10, 50119 


ö 


— k — 


10,349401 


10, 348703 
10, 348451 


10,347 445 


10,340943 
10,346663 


10,345941 


Secant 


10, 35047 3|3C 
10,350219 
10, 349960[28 
1C,349713 


10, 349208 
10, 348956 


10, 348200 


10, 47948020 
10, 347690 


10.347194 


10, 346442 
10, 346192 


10,345001 


10, 345442 
10,345 192 
10,344943 
10, 344693 
5344444 


10,344195] 
10,343940 
10, 343698 
10. 343449 
10. 343201 


10.342953 


63 Degrees. 


C4 


1 


1 27 Degrees, 


707 
: 5 
7057 
819-708 = 
22.2422 9.708414 
9-949558[9.708726 
1 
a 9.7.9349 
+-J4$30419.709660 


LP 


10.292210 


10.291898 


9.291886 


10.291274 


Wage 


10.2 


10.290340 
10.299929| 


10.980422 
10.050444 2 


I0.050506]1 


10,050571 
10,050036 


66197019-9485841g. 
9.662 214[9-9485 191. 
9.662459]9-9434531g. 
9.66270319-943388[g. 
9.662946!19-948323 

663 190.9482570. 
-66343319-9481921g. 
653677 9-94812610.715551 
66392 9.948050. 15859 

6319-947995 

.66440 


6641 9.716168 
9.716477 


10.289718 
10.289407 
192 
10.2887 5 
10.288475 


10.050785 
10.050830 
10, 50895 


10,050900 
1005 1025 


10.288164 


10.287234 


10.286924 


34[1%,051155 


10.05 1090 


10,051220 
10.051285 


10,286614 
10.286304 


10.285 95 
10.285686 


4410.285376 


10.05 1481 
19.051547 
10.05 1612 
10.05 167 


10.285067 
10.284758 
10.284449 
10.284141 
10.283832 
10.283823 


— —— — 


9 


Tangent | 


12» 


10.087863 
10. o5 180 
10.051874 
10.0519g0' 
10.05 tat) 


10.05 1071 


I 0.050700 | 


10.051351 
10.05 14167 


0. 337 297 
10,337954 
10.330810 
10.336567 
10. 336323 
19.336080 
10.335837 


19-335 594 


10.33754113 


Secant | 


62 Degrees. 


nd 


* 
* 
- 


947 929 


* 
. 


2 AF , 
164770. 28352 

41678 10.28321 

9:717093110.282957]10.05 2203 


E — 


Secant 


ö 10.05 20% 


10.052137 


10.282291 


19:7 17401 — —— 


10.882335 


10.279217 


775.8650 17.947 595 1-7 18017]10.281983 10.052401 
3619-66585 919-9475 33 971832510. 28 1675/0. 05246) 
379.6551009. 947407 9-7 1863300. 28136710. 052533 
3819-66634 119-947 49119.7 1894010. 28 106019. 052599 
2919-66658319-9473 3519 719248010. 28075 2110.95 2655 
4019-56682 419:947 20919.719555110.280445[10.,052731 
4156700 5,9. 947 20309. 19862|108280138 

4 219+: 6730513947 130%. 72016910. 279831 
667 540. 9% 97019. 720476|t0.2795 24 
.56778002.24742.225284 


10.05 2797 
10. 052864 


10.05 2930 
10.05 2990 


775 60802009. 940937 
668 2669.946871 

8 6 50 
9.6687 4619-9497 38 
4919-668986[9-946671 


9.940804 


9.721089 
9-721 396 
9.721702 
9.722008 
9222315 


10.278911 0.053063 
10.278604 
10.278298 
10.477992 
10-277685 


c119-66946419-9405 38 
65970319-940471 
6699 12.946404 
{+ 419-0701 81 9.946337 
559.6704 19.9 070 
569570658 5.45 10 
5796 3.946136 
5819-67 1134.946009 
599.67 13729. 940007 
9.67 1600.0. 9 46025 


5 26090. 946 


9.722021 


9.722927h10.27 707 


9.72323? 
9.723538 


9.724149 


10.277379 
16 276768 
10.276452 
9.723844 0. 276156 
10.275851 


3110.05 3462 


9-7 24454110-275 546110.05 3797 


94724759 
9.725005 
9.725309 
9.725074 


10.27524 


' 


Sine 
1 Le Wis 


Tangent 


10.274631 


10.053129 
10.053190 
10.053202 


10.05 3329 
10.05 3396 


10.053529 
10.05 3596 
10,05 3663 


10.05 3730 


1110,05 3864 
10. 274935/10.053931 


10 053998 
10 27472610. 054005 
— — ——hDöäa 


10.335109 
10.334867 
10.334625 


10.33 3900 
10.3335 59 
10.333417 


10.33317®z6 


10.332935 
10.332695 


10.332454 


10.332214 


10.331974 
10.331734 
10.331494 


10.331254 
10.331014 


10.330775 
10. 3305 36 
10.330297 
10. 33005 U 
10.3298 19 
10.329581 
10.329342 
10. 329104 
to. 328866 
10.328628 
10.328391 


Secant 


28 


27 
264 


mp — ee e e 2 8 


us 


62 Degrees, 


_— 


\ 


— 


— — — — — — _ _— 


8 


636 


(414 ) 


A Table of Artificial Sines, 


28 Degrees. 


Tangent 


k 


9:945935 
5.945808 


49.945801 


9.945733 
9.945000 


9.725074 
3-72597$ 
9.720284 
9.726588 
9726893 


10.274326 
10.274021 
10.273716 
10.273412 
10.273107 


— — 


Secant 


10.054065 
10.054132 


188 199 
10.054267 


55.672795 
69-67 3032 
719-67 3268 


9.945 598 
9.945531 
9.945404 
9.945 396 
9.945328 


9.727197 
9.727501 
9.727805 
9.728109 
9.728412 


10.272803 
10. 272499 
10.272195 
10.271891 
10.271588 


1300-07 4084 
1400 674019 


9-945 261 
9.945193 
9.945120 
9945058 
994400 


9.728710 
9.7 29020 
9729323 
9.729620 
2922922 


10.271284 
10. 270980 
10.270677 
o. 270374 
10.270071 


159˙675155 
16] 3.675390 


9-94 4922 
9-9448 54 
9.944780 
9.944718 
9.944050 


9.73023 
9-7 30535 
9-73083d 
9.731141 
9-7 31444 


10.209767 
10. 269465 
10.269162 
10.268859 
10.2685 5 


9-944552 
9944514 
9.944446 
9:944377 
9.944309 


9.731740 
9.732048 
9 732351 
9.732053 
9.732955 


10.268254 
10.267952 
10.2 7649 
10.207 347 
10.267045 


9.944241 
9944173 
944104 
9.944036 
9.944967 
9.944898 


Sine 


9.733257 
9.733558 
9.733860 
9.734162 
9.734463 
9.734704 


10.200743 
10.266442 
10.266145 
10.265835 
10.265 537 
10. 265 236 


| 


| Tangent 


1.084334 


| 


10. 328391 
10.328153 
10.327916 


10.327442 


10 327679 


10.05 4402 
10.05 4469 


10.0545 30 
10.05 4604 


10.05 4672 
10. 054739 
10.054807 
10.054874 
10. 5 4942 
10.055010 
10.055078 
10.055146 
10 055214 
10.05 5282 
10.055350 
10.05 5418 
10. 05 5480 
10.055554 
10. o 5623 
10.05 5691 


10.05575 
10.055 827 


10.05 5896 
10.05 5964 
10.056033 
10.056102 


} 


10, 327205 
10.326968 
10.326732 
10.326495 
10. 326259 
10.326023 
10.325787 
10.325552 
10.325316 
10.325081 


10.324845 
10. 324610 
10.324375 
10.324140 
10.323906 
10.323672 
10.323438 
10.323204 
10.322970 
10.322736 
10.322502 
10 322269 
10.322036 
10.321803 
10.321570 


10.321337 


50 


Secant | 


61 Degrees, 


——_— 


Tangents and Secants. 


28 Degrees, 


K 
OO ow 


| Tangent 


nr 


| Secant | 


9.943898 
9.943830 
9.943761 
19-94 3693 
9.943624 


9.943555 


50.943480 


9.943417 


9.6805 19.943348 
5009.943279 


9.943210 
9.94314 
9.943072 
9.943003 
9-942934 


9 
9 
9 
9 
2 
3 
9 
9 
9 


9 
9 
9 
9 
2 


73506 


9 73747 


10.265 236 


10.264934 


10.264033 
10.264332 


10. 264032 
10.203731 
10. 263430 
10.263129 
10 262829 


10.262529 


10.262229 
10. 261929 
10. 261629 
10. 261329 
10. 260029 


734764 
735066 
735367 
735008 


10.056102 
10.056170 
10.0562 39 
10.056307 
10.056376 
10.056745 
10.0565 14 
10.056583 
10.056652 
10.06 6721 
10.056790 
10.0568 59 
10.056928 
10.056997 
10.057066 


736269 
736570 
736871 
73717 


737771 
738071 
738371 
738671 
2897 


9.942804 
9.942795 
9.942725 
9.942056 


519-942587 


9.942517 
9.942448 
9.942373 
9.942308 
9.942239 
9.942169 
9.942 99 
1.942029 
2-941959 


Sine 


9 
9 


; 
9 


9 
9 
9 
9 


9 
9 


5 


9.94188 99.743454 
9.9418 190.7437852 


740468 


En 


10.2607 29 
10,2604 30 
10.260130 
10.259831 


10.259532 


73927¹ 
739570 
739870 
740169 


10.057136 
10.057205 
10.057275 
10.057344 
10.057413 


10. 31809 5 1 


10.317865 


10.317635|1 
10.317405[1 
10.317175|1 
10. 3169451 


10.057482 
10.057552 
10.057622 
10.057692 
10.057761 
10.057831 
10.05 7901 
10.052971 
10.058041 
10 058111 
10.058181 


740707 
741066 
741365 
741664 
741962 


10.259233 


10.258934 
10.258635 


10.258336 
10. 258038 


10.257739 


10.257441 
10.257142 
10.256844 
10.256546 
10 256248 


742561 
742559 
742858 
743156 


10.3107 1601 
10. 316486 
10.316297 
10. 316028 


0.31557 


| Tangent 


| Secant 


10.320872|28, 
10. 32064027 
lo. 320408020 


10.315799] 6 


utNnlo - » wav 


5 
4 
3 
4 
1 
O 
9 
8 
7 


61 Degrees. 


(416) 


* | Table, of Artificial 1 Sines, 


— —_—— 


29 Degrees, 


* 


| = Sine 


[Tangent 


09.065571 


209. 68602 
35.686254 
409. 68048 2 


685799 


9 54718199. 743752 


9.94749 
9. 941079 
9.94160 

9. pd. 


2244519 
9.744348 

99744045 
9.74494 3 


19.255355 
19-255057 


l0.250248 


10.255950 
10.255652 


Secant 


10.058181 
10.058251 
10.058321 
10.058391 
10.05 8461 


[10.314425/60 


10.314201 
10.313973 


— 


59 
58 


10.313746157 


10.313518 


56 


519-0367 09 
719.687 163 


58696 


9.941468 
941398 


68738 
9.687610 


9.087843 


9.688069 
9.94097 5 
9.940905 
2429.940834 


941328 
941258 
941107 

9.941117 
9.941046 


9.745240 
9.745538 
9.745835 
9-740132 
9.740429 
97467 20 
9.747023 
747319 
9.747616 
9-747912 


10.253571 


10.254700 
10.25 4462 
10.254 165 
10.25 3868 


10.253274 
10.252977 
10.252681 
10.252384 
10, 25 2088 


21 


29.9407 63 


39.940480 


9.940693 
9. ee 


9.94057 


748209 
748505 
9.748801 

749097 
g. 74093 


9. 690323 

9.6905 48 
9.695775 
9.690006 


990796. 74909 


9-9493 
9.9402 
9.940196 
9.9401 28 


7 "19 750281 


89.749985 


9.750576 
22822 


9.691220 
9091444 
9.691 068 
9.691892 
6692115 
9.602339 


9.940053 
9.939992 
9+23991 I 
9.939840 
9.939768 
9.332597 


9 751107 
9.751462 
9.751757 
9.752052 
9.752347 
222222 


1 


10.251791 


5110. 250015 


10.217388 


Sine | 


—_ — 


( 


10.251495 
10.251199 
10. 250903 
10. 2580607 
———— 


10.250311 


10.2497 19 
10.249424 
10.249128 
10.248833 
10. 2485 38 
10.248243 
10.247948 
10. 24765 3 


10.058742 
10.0588 13 


10.05 9166 


10.059875 


Tangent | 


10.0585 32 
10. 05 8602 
10.05 8672 


10.058883 


10.058954 
10.059025 
10.059095 


10.0592 37 
10.059307 
10 059378 


10. 059449 
10.0595 20 


10.059591 
10.059662 


10.059733 
10.059804 


10.059947 
10.0600 18 


10.060089 
10.060160 
10.050232 


10.060303 


10. 307961 


10. 313291 
10.313054 
10.312837 
10.312611 
10.312384 


10.312157 


10.311931 
10.311705 


10.311479 
190.3112530 


10.311028 
10. 310802 


10. 310577 
10. 310352 


10.310127 


10. 309902 
10. 309677 


10.309452 
10. 309228 


10. 309004 
10. 308780 


10 308556 
10.308332 
10. 308 108 
10.307885 


35 
54 
531 


Secant | 


— 


* 


60 Degrees. 


Tanga and Secants. 


1 ˙. ˙—¹ — ü w oboe.” — ER 


29 unn 


= Sine ” 


3419: 


9.693676 9.939267 


Tangent 


500.5923 399 5795979752642 
3109.692552 9.9396259.75 2937 
3209.692785 9.9395549˙753231 
33693009 9. 9394829753520 
.693231[9.939410[9-75 3820] 


Secant 


10 247358 
10.247063 


10.246769 
10. 246474 
10. 246180 


9. 993453, 9. 939339 9.754115 


9+7 54409 


3719-5938981g. 939195 9.754703 
389.6941209 9391230754997 
g 90943429: 93905 1.288291 


41%. 694789 
42.59 50% 
9.095229, 


519.696 


54 


5819-59985 32 9.93767 
15919- 


Sine 


4009 5945549. 93898 9.75589 
9.9389 9809.755878 
9.9388 3609.756172 
9.9387669.7 56465 
44 $412: 2954599-933001]2-750759 
[45 4519-69567119-93861919.757052 
4619-695892/9-9385 4719-7 57 345 
4719-69611319-93847519.757035 
4809.596334 93840219.757931 
.63655419-938330]9 758224 
5019*69677419-93825819.758517 
995;9-93818519.758810 
5219-697215/9.938113]9 759102 
5319-69743519-93804019-759395 

.697054'9-93896719-759087 


10.24588; 


10.245591 
10.245 297 
10. 245003 
10. 244709 
10.244413 
10.244122 
10.243828 
10 243535 
10.243241 
10. 242948 
10. 24265 5 
10.242362 
10.242069 
10.241220 
10.241483 
10. 241190 
10. 240898 
10. 240605 


559.597 8749.937 8950.759979 
56.598094 9.937822,75027 
579. 9983139. .93774919-760504 
619.7 60806 
6987519 937603]9.761148 
692.5928929 9.93753119-701439 


— tt... 


10.240021 


10. 239728 
10.239430 


10.229144 
10.238852 


10.238561 


10. 240313 


10.060303 
10.060375 
10.060446 
10.0605 18 


10. 90 


10.060601 
10.060733 
10.060805 
10.060877 


10. 6094 


10.051020 
10.06 1092 
10.061164 


10.061237 
10. 61309 


10.061381 
10.061453 
10.061825 
10.091 598 


10.c61 670 


10.061742 
10.061815 
10.061887 
10. 061900 


10 062033 


10.062 105 
10.062178 
10. 62251 

10.062324 
10.002 397 


10. 002409, 


Tangent 


| 


10. 307001 


10. 307438 
10. 307215 


10. 306991 27 


10. 306769028 


10. 30547 
10. 306324 
10. 306102 
10. 305 880 


10. 305658021 
10. 305436 


10. 305 7 14 
10. 303993 
10.304771 
10, 5045 50 


10. 30432 


10. 3040 


10. 303887 
10. 303666 


10. 303446 


10. 303226 
10. 303005 
10. 302785 
10.302565 
10. 302340 
10. 302 126 
10. 301906 
10. 30168 
10. 301458 
10. 301249 
10. 30103 


| Secant 


TE 8 


[15 
14 | 


_ = 


60 


Degrees. 


AND eee oo ol 5 


* 


D d 


— — — — — 


— 


— CCC_——_———— 
— — — ———— 
— — — n — — 


- 


[ 


— ——— 


| (448) A Table of Ariiicial Sines, 


30 Degrees. 


9.6989709-93753'{9-70143;, 10.238551 10.052469 10. 301030 
9.599189 9 9374589.76 73010. 23826910. 002 541 to. 300811 


„21 9.93738 l. 7620 23[10. 23797710. 062615 ˖ 0. 3005 93 
209937312 ) 760231410-237686|10 06268810. 300374 


93723800. 0.23939 4 0.052762 0. 3001 56 


557000529. 937 105.7289710. 2371 310. 00283 5.0. 299938 
80j9.937c92{9.76; 18510. 2368 1210. 06290810. 299720 
; 


: | 
51 Sine Tangent | Secant 
' 


719-700498[9-93701519-70347 10. 236521010. 06298 10. 299502 
1 9.9369459.7637 700. 2362 30010. 63054 to. 299284 
9.700933 9.930872 1.704001 10. 23593910. 063 128010. 299067 
109. 70115 1.93679909.76435 2010. 23 564801 0. 063 201010. 298849 
11. 70t 36819-9367 25%. 764643010. 23535710. 06327 to. 298632 
12. 70 58 500.9366520 764933010. 23 506710. 063 348010. 298415 
139.701 80 9.93557 80.765 224 10.23477610.063 42200 298 198 
l4j9.70201 9.935505j9.765314 10.234486 — 46 
1519-7022309-93643 119.765 805.10. 23419510. 06356910. 297764 
169.702 4529/9363570. 76609 50. 233905 10, 63643010. 297558 
170.7026699. 935284. 76638510. 23361 5.10. 0637 16010. 297331 
1849.702885 993621009. 766575 10. 23332510. 06379010. 297115 
109. 70 51019. 9:61 369.7669650. 23303 F510. 06386410 2968990, 
9.7033 179. 9360029 767 255/10. 23274510. 06393 810. 29008 309 
2 109.7035 339.9159889. 7654510. 23245 510.0640120 2964673 
9.935914 767834{10.232166)10.064086|10.29625 1139 
935840768 124/10. 23187610. 0641. 29636037 
2412724179 9.93766 9-768413110.231587/10.064234/10.295821 36 
12519.70439519-$3509219 76.23 1297/10. 064308010. 295005035 
260.7045109. 9356189. 76899210. 2310010. 06438 2] 10.295 390134 
25%. 70482 5%. 935543076928 100. 2 30 1910. 06445710. 29517533 
2800. 7054-938469. 7695.2 304 30. 0645 3 1010. 294960 31 
290.7052545 395%. 7606010. 2 304010. 06460510. 294746 19 


309. 20 54000. 2112022014810. 398821. 5468010. 294531 
4 | | Secant Tangent Secant 5 


— — pe. — "S. — 


59 Degrees. | 


* he etna 


r — 


x 
w 3 8 


Tangents and Secants. 


— 


30 Degrees. 


Sine 


| | 


9.705083 
3209. 705 897 


309.705 400 9.935 320 


33 9.7061 12 9.915097 
3409.706326 9.935022 


9.935246 
9.93871 


9.7005 39 
3619-70675 3 
3719-706967 


3919-707 393 


9.707819 
4219.708032 
9-708245 
9.708437 


389.707 1809 934723 


409 700 %οe9. 934574 


9.934948 
19-934873 
9.934798 


9.934649 


9.934499 
9.934424 
9.934340 
9.934274 


Tangent 


9.770145 
9-7 70437 
9.7707 26 
977 1015 


9.771303 


9.771592 
9.771880 
9.772168 
9-77 2457 


9.772745 


9-77 3933 
9.773321 
9.773608 
9.773350 
9.774184 


45 9.708070 
4619.708882 


499.7095 18 


79.709094. 934048 
4809.709300 933973 


9.934199 
9.934123 


9.933808 


9.719941 
529˙710153 


$419-710575 
9.71078C 
5619-7 10997 
5719-7 11208 
58[9.711419 
5919-711629 
6009.711830 


5009 7097 3009.933822 


9710364 


9.933747 
9.933671 
9933596 
9.933520 


9.77447 
9.774759 
9.775046 
9.775333 
9 775021 


9.775908 
9.770195 
9 776482 
9.776709 
9.777055 


10 229852 
10.229503 
10.229274 
10.228985 
10. 228697 
10. 22840 
10. 228120 
10.277832 
10.227543 


10.227255 


10.220967 
10.226679 
10.226392 
10 226104 


10.225840 


10. 2255 29 
10.225241 


10.224954 
10.224667 


10.224379 


10.064978 


10.065351 


10. o65 80 


Secant 


10.054080 
10.064754 
10 054829 
10. 64903 


10.005052 
10.065 127 
10.065202 
10.065 277 


10.065 426 
10.065501 
10.065 576 
10.065651 
10.0657 26 


10.065877 
10.065952 
10.066077 
10.066 102 


0.224092 
10.223805 
10.223518 
10.223231 
10.222945 


9.933444 
9.933369 
9933293 
9-933217 
9933141 
[9-9 33066 


Sine 


9.777342 
9.777628 
9.777915 
9778201 
9.778487 


9.778774 


10.222658 
10.222372 
10. 22208 5 
10.221799 
10.221512 
10.221226 


10.0655 56 


10.066178 
10.0662 53 
10.066329 
10.065 40 
0 066480 


10.066631 
10.066707 
10.066783 
10.066859 
10.066934 


Tangent 


| 


10.2945 31 


10.294317 
10.294103 


10.293888 
10. 293674 
10. 293461 


10.293247 


10. 293033 
10. 292820 


10.292607 


10. 292394 
10.292181 
10. 2919068 
10.291755 
10.291543 
10. 291330 
10.291118 
10. 290906 
10. 290694 
10. 290482 
10.290270 
10. 290059 
10.289847 
10.2896 6 
10. 289425 


10.289214 
0. 289003 
10. 288792 
10.288581 
10.288371 
10.288161 


Secant 


x 


Ul 


59 Degrees. 


— * — — att TE IR 


| 


| 


— 
a. th. 
_ 


( 420 ) 


— — 


A Table of Artificial Sines, 


31 Degrees. 


_—— 


15[9-714978 
1609.715180 931845 
179 715394%˙93 1768 
118]9.715601[9-931691 


2 109.7 162240931400 
2209 71643200.93 1383 
2309. 7166300 · 931206 


Tangent 


Secant 


Sine 
9.932060 
9 932990 
9.932914 
919 932838 
9.932702 


9.778774 
9-77 9060 
9.779340 
) 779032 
9.779918 
9.780303 
609. 780489 
9.780775 
9781060 
2281346 


9.781631 
981910 
9 782201 
9.782486 
9.782771 
9.783056 
9.783341 
9.783026 
9.783910 
9.78419; 
9.784479 
9.784764 
9785048 
9-785332 
9.785616 
9 785900 
9.786184 
9786408 
9.786752 
9.79706 
19-787319 


2457 
32380 
9.932304 
9.932228 
9.932151 
9 932075 
9.931998 
9.931921 


.715809]9-931614 
T1601 919-931537 


9.7168 46]9-931229 
9.931154 
9.93 1075 
9930998 
9.930920 
9930843 


10 221220 
10. 220940 
10.220654 
10. 220368 
10. 220082 


10.219797 
10.219511 


10.219225 
10. 218940 
10. 218054 


10.218369 
10.218084 


10.217799 


10.217514 
10.217229 


10.217944 
10. 216659 


10.216374 
10. 216090 
10.215805 


10.215521 
10.215236 
10.214952 
10. 214668 
10.214384 


10.007238 


10.067696 


10.068079 


10.068463 


10.067934 
10.057010 


10.067086 
10 067162 


10.097315 
10.067391 
10.067467 


[0.007543 
10.067620 


10.007772 
10,007849 
10,067925 
10.068002 


10,008155 
to. 068232 
10.068 309 
10.068 386 


10.68 540 
10.068617 
10.068694 
10.068771 


10.214100 
10.213816 
10.213532 
10.213248 
10.212904 
10. 1268 


Secant 


Tangent 


10,0692 34. 


o. 68848 
10.068925 
10.069002 
10.009080 
10.0691 57 


10.288161 
10,287951 


10.2875 31 
10.287 521 


10. 286902 
10.286692 
to. 286483 
10. 286274 


10.287741 


10.287111 


10. 28605 
10.285850 
10.285648 
10 285439 
10.285 231 
10.285022 
10.284814 
10. 284606 
10.284399 
to 284191 
10.283983 
10 285776 
10.283568 
10.283361 
10.283154 


10.282947 


10.282534 
10.282328 
10 282121 


10.281915 


0.282741 


Secant 


58 Degrees. 


= 


Tangents and Secants. 


( 421 ) 


— — 


Sine 


31 Degrees. 


Tangent 


9.718497 
9.718703 
9.71890 2 
95719114 
95719320 
9.710525 
9571973 
2719935 
557 40140 
99720345 

720549 
9,7 20754 
9,7260958 


9,7 1808 39, 930766 
9.718291, 930088 


975938611 


99939533 
9,930450'9,788153 


9,787 3 19.10, 21 20681 
9,7 87 
9,7878856 
9,788 170 


10, 212397 


10521 1547 


9,9303 8 
95930300 
9930223 
993045 
95930007 
97929989 
97929911 
9.929833 
97929755 
9,9029677 


9,788736 
9,7 89019 
9,739302 
9,7 89585 
9,789868 


9790151 


9791281 


| 9,7 21978 


9,7 211062 
9,721366 
97721570 
04721774 


Q,722 81 
9.722385 
9.722588 
9722791 


222224 


9,929599'9,791503 
9,791840 
977921 28 
e wi 
92792 


97929521 
9929442 
97929364 
95929286 
95979207 
9.929129 
„929050 
9.928972 
9, 028893 


99794101 


95790433 
957907 16 
95790999 


92 
97792974 
5 79325 
9.793538 
97793819 


10, 21098. 
10, 210668 
10, 210415 
10, 210132 


10, 209849 
10, 209567 


10, 209001 
10, 208437 
10, 207872 
10, 207308 


10,2957 44 
10, 200402 
10, 205181 


97231 
97723400 
97723603 
3,7 2380; 
9724007 
95724210 


9728814 
9.9287 36 
9592865 7 
9.928578 
„988499 
95928420 


94794383 
9,7 94004 
9279494} 
95795227 
95 795509/1 , 203492 
97957890, 20421 


(0,205017 


10,205055 
10,204773 


Sine 


| Tan gent 


10,212114 
10,211830 


10,211204 


10, 209284 


10, 208719 


10, 208154 


10, 207 590 


10, 207026 


o, 205 899 


10, 205330 


Secant 


10, 693 t2 
10, 69389 
10, 069407 
10,0095 44 
10, 069622 
1c,00970c 
10,069777 
10,06993 2 
10,070011 
10,07C 089 
10,070167 
10,070245 
10,07 03 23 
10,070401 
10,070479 
10,070558 
10, 70636 
10,07071, 
10,070793 
10,0708; 1 


10,071028 


t0,C71343 
10,07 1422 
10,0715. 
10,7158 


10,009234 


10, 9095 


10,07 1107 


10,071 86 
0,071 204 


! 


10,281y15 
10,281709 
lo,281503 
10,281297 
10,28 OJ! 
10, 280886 
10, 280680 
10, 280475 
0, 28027 


10, 79800 
10, 27965 
10, 279451 
10, 279246 
10,2790. 


10, 278430 
10, 278226 
10, 278022 
10, 277819 
10, 77615 
10,277412 
10, 277209 
10, 277006 
10, 276803 
10, 276600 
10, 276397 
10.270195 


10.27 5993 
10.225729 


10, 80065 ) 


9 


— 


Secant 


CVI eee 


— 


58 Degrees. 


* 


—— 


D d 3 


7 


A 


[7 422 ) 


DD — 


A Table of Artificial Sines, 


32 Degrees. 


Sine 


9.724210 
9.724412 
9+724014 
9-724816 


5 

E 
1 
2 
3 

49.725017 


97252ʃ.09 
9.725420 
9.725022 


9.720225 
9.720426 
9.726626 
9.720827 
9.727027 


5 
6 
7 
89.725823 
29.7200. 
10 
11 
12 
13 
14 


10.273775 
1027357449 
10. 27337448 
10.273173ʃ47 
10.07 2690010. 27297 


9.727228 
9.727428 
9.727628 
9.727828 
9.728027 
9.728227 
9.728427 
9.728626 
9.728825 
19-7 29024 


10.272772145 
10.272572|44 
10,2723721[43 
10.27217214? 
10.271973 41 
10.27 177 3142 
10. 271573039 
10. 27137438 
10. 271175037 
10.07348/10-270976 6 


9.729223 
9729422 
9.729021 
9.729816 
9.7 30018 
9.730216 


10.07 350g 1027077735 
10.07 3649 10 270578034 
10.07 3739/10 270379 
10. 73810 10270184832 
10.97 3890 10. 26998 203! 
10.07 3971 10.269784 


url 


37 Degrees. 


Tangents and Secants. | 


32 Degrees. 


31 
32 


[45 


Tangent 


9.743015 
9.7 30613 


9.926029 
9.925949 
9.925868 
9.925787 
9.22507 


9.925626 
9925545 
9.925405 
9.925384 
9-925 303 
9.925222 
9.925141 
9.925060 
9924979 


2. 924847 


9.804187 
9.804 466 
9.80474 

9.80502; 
9.805302 
9.805580 
9.805859 
9.800137 
9.809415 
9 80650 


9.507249 
9.807527 
9.807805 
9.808084 


719.924316 
9.924735 


699.9245 


9924572 


6119-92449) 


9.808301 


9. 808638 
9.808916 
9. 80919 
9. 80947 


3+7 35339 
9735725 
9.735719 
9-7 35/14 
9.726 0 


9.924409 


35.924328 


1.924240 
9.924164 


919-92408 3 
9.735134 


2.924001 
9-923919 


„923837 


9.923755 
9.923073 
9.923091 


9.809745 
9.310025 
9.810302 
9.810550 
9.310857 
9.511134 
9.811410 
9.811687 
9.311904 
9.81224 

9.812017 


9.8007 1 


10.195813 
10.195534 


19.194077 


19.194141 


10 193585 


10. 192307 
10. 193029 


10. 192751 
10.192473 
10. 192195 


10.195255 


10. 194698 
10. 194420 


10. 193803 


! 


10.191917 


10. 190807 


10.189975 
10.189698 


10. 189143 


10 18748 


Sine 


Tangent 


10 191639 
10.191302 
10.191084 


10. 189420 


19.188313 
10.1#8936-10.07 6245 
10. 1877590 07632 


10. 188866 
10. 188590 


Secant 


10. o 397 1010.209784 
o. 7405.269585 


10.074132 


10.074213 
10.024293 


10.074374 
10.074455 
10.974535 
10.074616 


10.074697 


10.07477 8 


10.074859 
10. 74A 
10.07 5021 


10.075 103 


10.075184 
10.975265 
10. 075347 
10.07 5429 


12:190529110.07 07550" 


10.190252'! 


10.075 591 
10 075072 


10.975754 
10.07 58zt 
10.025917 
10.07 59 
10.070081 
12, 076162 


10.07649; 


10.268991 


10.269387 
10.269189 


10.208794 
10. 268596 
10. 268399 
10.268201 
10. 268004 


10. 267807 
10.267610 
10.267413 
10.267216 
10. 267020 


10. 200823 
10. 266027 
10. 206431 
10. 26623 
19. 266079 


10.265647 
10.255452 
10.265250 

1.257061 
10. 264866 
10. 264670 
10.262475 
10.264281 
15 264086 
10.263%g1 


Secant 


10. N 


pa © \© 3 


| 


[win] o = » w + wn 


57 Degrees. 


DF 44: 


A 
* 


* 
ws, om 


| 


399.7418 89%. 021107 


9820783010. 179215 


| Tangent 


( 424 ) A Table of Artificial Sines, 
33 Degrees. 
N | . 1 6 
5] Sine Tangent Secant 
09.736109 9.812510. 18748310. 07640910. 26389 1060 
109. 736303 9.8 12794010. 18720610. 096491010. 2636959 
29.7 36498 9. 81307010. 186930010. 07657 310. 263502058 
39.736692 9.8 13347]10. 186053 10.07665 5/10 263308157 | 
$9.7 36886 9.813624|10.186377|10.076737,10.263114|56 
$19.7 37080 9.813895 0. 18610110. 076820010. 262920055 
6 737274 9.81417 5/10. 18582510. 07590210. 26272654 
79.737467 69.8 1445210. 1855 4810.076984. 262533053 
737601 9.8 14728010. 185272010. 0 7706710. 26233905 
737855 9.815004 10. 18499610. 07 149 10. 262145801 
109.7 38048 9.815279 10.184721 10.077232/10.261952 50 
738241 815555/10.184445ʃ10.07731410. 261759049 
7384340. 92 26039. 8 15831010. 18410910. 077 397 10. 261566048 
13.738627 9.9225 2009. 8 1610010. 18389310. 077480ʃ10.261373ʃ47 
400.7388209. 92243809. 8 16382010. 183618010. 0 56210. 261180046 
15 9.7 390139. 92235 5.8 16058010. 183342010 7764510. 250987 45 
9.7 3920590. 9222729. 8 16933010. 18305710. 0772810. 26079544 
1219-7 39398 9221899. 8 1720910. 182791010 07781110. 260602043 
* 7395909. 9221009. 8 1748410. 1825 1610.077894 10. 260410045 
29.739782 9.8 17750010. 18224010. 9771026021704 
20.7 39975 9.81803 5010. 18 1695.10.07 805010. 26002 540 
9.740167 9.8183 10010. 18 169 910.078 143110. 289833032 
9.740359 9 81858 5010. 18141510. 07822510. 259641038 
239.7405 50 9.8 1886010. 18 114510. 078 30910. 259450037 
2.240742 9. 81013510. 18080 ff 10.078 393010259258 36 
2519-742934 9.8 1941010. 1805910. 078476 10. 25 8066035 
2009.741125 9 81968410. 1803 1610.078659 .10 25887 5134] 
2709.741316 9.819950. 180041 10.078643 10. 25868403 
289.7415607 9.820234/10. 1797610. 078726110. 25849302 
299.7416099 9. 820508110. 179492 


10.0788 10010. 25830103! 


56 Degrees. 


NR 2 


Tangents and Secants. 


33 Degrees. 


Sine 


09.741889 
9.742080 
9.742271 
9.742462 
9.742652 


821880 


Tangent | 1 


9.921 107 
9.921023 
9.920939 
9.920855 
9.920772 


9.821783110.179217 
9. 821057 10. 178943 
9.821332[10.17 8668 
821606110.178394; 
10.178120 


9.742842 
743033 
743223 
9.743413 
392743502] 

9- 7437 92 
9.743982 
9.74417 10% 
9.744361 
9.744550 


3 


9. 920208 
9.92018 
920095 
9.920015 
9-919931 


9.920688 9-822154[10.177846 
9.920604[9.822429110.177571 
9.92052019-822703110.177297 
9.9204 3019.82 2977 
«920353 


9.823524 


9.824345 


4719 


JI 


9.744739 
9.74492 89.919762 
7451179919677 
9.745 3069.919593 
9.745494. 019508 


9.919840 


509. 74598 
515. 74578 71 


809. 747185 
9 9˙747374 

99. 747562 
„ erer 


9 


919424 
919339 
9.919254 
9.919699 
6.919084 


9.919000 
9.918915 
9.918830 
9.918744 
918659 
1 


Sine 


10.078893 
10.079228 


10 177023 
82329010. 176760 
10. 170476 
9.823798010. 176202 
9.824072 10. 175928 
10. 17565 5 
9.824019 10.175381 
9.82489310. 175 107 
9.825 166010. 1748340 
9.382543910.174561 
9.825713 10.174287 
9.82598610.174014 
9.820259110.1743741 
9.8260532110.173468 
9.826805 10.173195 
82707510. 172922 
9.82735 to. 172649 
9827624010. 172376 
9. 82789710. 172103 
9.828 17010. 171830l1 
9.828442[10.171558 
982871510. 171285 
9.828987|10 171013 


10. 79564 
10.079648 


Tan gent | 


Secant 


10.078977 
10.079061 
10.079145 


10.079312 


10.079396 
10.079480 


10.079732 
10.0798 16 


10. .080407 to. 284595 


— 10.254370 
10.080660. 254129 


56 Degrees. 


10.258111[30 
10.25 7920129 
10.257729|28 
10.2575 38127 


10.257158[25 
10. 256907 24 
10.256777 
10.256587 22 
10.256398[21 
. 1: — 

10. 250 2080 
10. 28601819 
10. 07990 iſio. 25582918 


10. -255039 17 


Y wt 
A 


ul o — 920 


1 


| FE 


122ä— 


. 


C 


A Table of Artificigl Sines, 


— 
. 


| 


34 


Degrees. 


| 5 Sine 


Tangent 


| Secant 


1 9.747562 
119 747749 
219-747936 
319-748123 
19.748310 


9.918574 
9-918489 
9918404 
9.918318 
9.918233 


g 828987 
9. 829260 
5829532 
9. 829805 
9.830077 


10. 170468 


10. 170195 
10.169923 


| 


519- 742497 
619.7 48683 
719:748870 
89.749050 

2249242912805 


9.918147 
9.918062 
9.917976 
9 917891 


9.830621 
9.831 165 


9.830349 
9.830893 
9.831437 


10. 109651 
10.169379 
10. 169107 
10 168835 
10.168563 


16 


15 


17 
18 


12 


7494299917719 
7496159.9 7634 
12 9.74980109.917548 
139.7499879. 917462 
1419-75217219-917376 
9.75035 89.917290 
9.7505 439.917 204 
9.75072919.91711819.833611 
g 75091419-91703219.833832 
9.75105919-916945 


9.831981 


9831709 


9.832253 
9.832525 
9.832796 


10.168291 
10.168019 


10.167475 
10 167204; 


10.171043 
10.17074 


10.167747 


10 081682 
10 081767 


[10.081853 
10.081938 
10,082024 
10,082109 
10.082195 


10.682281 
10 082366 
10 082452 
10 082538 
10 082624 


20 
21 
22 
23 
24 


9-75128419,916859 
9,75146919-919773 
9,7516549 91668719.834967 
9. 751838[9.916600' 
925202300 916514 


9 833008 
9.833339 


9.834154 


9.334425 


9.835238 
835 og 


9.834096 


10,166932 
10. 166561 
10 166289 
10 166118 
10.165846] 
10. 165575 
10. 65 304 
10, 165033 
10 164762 
10. 164491 


9.7 


9.752209, 916427 
9:75239219-916341 
9,75257619 916254 
9.75 276009 916167 
7529449 

9.783128 


. — 


9 83659 


9.915994 


Sine 


9.835780 
9.836051 
9.830322 


9.835864 
9-837135 


10.164220 
10.163949 
10. 163078 
10. 163407 
10.163136 
10. 162866 


| Tangent 


10.082710 
10 082796 
10 682882 
10 082968 
to. 8305 
10. 583141 
10 083227 
10.083313 
10.08340 

10.08 2486 


10.083573 
10,033'59 
10,083746 
10.083833 
10. o8 3920 
10.084-06 


| 


10.250758 


10.248716 


10 081426|10.25 2438160 
10.081511]10.252251 
10. 8159610 252064]; 

10.251877 


10. 25 1690 
10. 25 1503 
10.251317 
10.25 1130 
10.250944 


10.250571 
10. 250385 
10.250199 
10. 250013 
10 249828 


10. 249642 
10 249457 
10.249271 
10249086 
10. 248901 


10, 248531 
10. 248340 
10 248162 


1.247977 


10. 247793055 


10. 24760 


10.247424 
10.247240 
10.247056 
10.246872 


Secant 


55 


Degrees. 


. 


Tangents and Secants. 


34 Degrees. 


Sine | : : | 
30]9,7 53128[9,915994 9,8371341, 102866 
9.7533129,915907 9, 83740510, 162595 
3219,753495 9,9158209, 83767 5/10, 162325 
339,75 3079 9,9157339,83 794610, 162054 


Tangent 


a 
Secant 


10, o8 4000 
10, 84093 
10, 84180 
10, 84267 


0, 24687 2036 
10, 24668820 
10, 246505 28 
10, 246321027 


3409.753802 9,9156469, 838216010, 161784 
975404, 9155 599.8384870, 161513 
30,754229 9,9154729, 83875710, 161243ʃ. 
37195754412 9,91538519,839027110,16097 3010, 846 15/10, 245 588 23 
3819-7 5459519»91529719,83929710,160703[10,084703110,245405]z 
_ Þ919475477819,915210/9,839568110,160432[10,084790[10,245222|21 
4019,7 54400 9-915123/9,839838 10,160162[10,084877]10,245040|2c 
9,755143(9,91503519,840108|10,159892/10,084965[10,244857]|1c 
420,7 55 32619,914943[9,840378|10,159622110,085052[10,244674|18 
4319»7 55 50809, 91480009, 84064710, 15935 3010, 8; 140010, 244492 17 
4409.75 569009, 91477 3, 84091710, 15908310, 85227 10, 24431016 
45˙7558729,914685%, 84118710, 158813010, 853 15010, 24412879 
4609, 5605 4,9145980, 84145710, 158 54310, o8 5402010, 243946 14 
4709.756236, 9145 1009, 841726010, 158274010, 85 490010, 24376 13 
148]9-750418]9491442219,841996|10,158004[10,085578[10,243582]12 | 
140 9756600199143 34\9,$42266|10,157734 1085666052434 50111 


5009, 75678 1,9142460, 84253 5/10, 15746510, 85) 54010, 243219 5 
8 


10,8435 4/10, 246138026 


10, 8444/1, 24595402 
10, 845 28010, 245771 


9,7569639, 91415809, 84280510, 157 195/10, 8584210, 243037 
5209,757 144,9 140/009, 84307 410, 1 5692610, o8 59 30 10, 242856 
539.7573269, 9139820, 843343 10, 1566570, 8001810, 22267 
5409, 575%, 91389400, 843612010, 18638810, 08610610, 242493 
559.7576889, 913800, 384388210, 156118010, 86104010, 242312 
569,7 578699, 9137189, 84415 1010, 15584910, 86282010, 242131 
9,75 8049, 91303, 84442010, 15558010, 8637010, 241991 
58 9.758230 9,9135410%, 84468910, 155311010, 8545910. 241770 
{5919-75841 119,913453[9,844958110,155042[10,0865 47 
5009, 58501, 13364%, 84522710, 154773010, 86636 


Sine 


Tangent 


55 Degrees. 


| 
: af — 


22 


A Table of An 


ificial Sines, 


—_>— 


* 


Tangent | 


35 Degrees, | 


| Secant , 3 


3 


r | 


| 


[ 


| 019-7 58591 


758772 
9.758952 
9-759132 

259312 


9.913304 
9-913276 
9-913187 
9.913099 
9.913010 


9845227 
9.845496 
9845764 
9. 846033 
9.846302 


10-154773 


0. 154504 
10. 154230 


10.153967 


10.163698 


10.0868 I 3 


10 086636 
10 086724 


10 086901 
10 086990 


59.759495 


759672 


9 912921 


9912833 
9.912744 
9912655 
9912566 


9.840570 
9.846839 
9.847107 
9-847 376 
9.847044 


10.153430 
10. 153161 


10.152893 


10 152624 
10. 152356 


9.912477 
9.912388 
9.91229 
9.912210 
9.912121 


9 847913 
9.848181 
9-848449 
9.848717 
9.84898 5 


10.15 2087 
10.151819 
10.151551 
10.151283 
10. 1510175 


426 9.763245 
2719703422 
2819.7 63000 


9.512031 
9-91 1942 
9.911853 
9.911763 
9:911674 
9,911584 
9.911495 
9.911405 
9911315 
9.911226 


9.849254 
9.849522 
9.849790 
9.850057 
9.350326 


10 087879 
10. 1 507 48010. 087969 


10. 150478 
10 150210 


10 149943 
10.149675 


9.880593 
9.850801 
9.851128 
9.851396 
9.85 1664 


10. 149407 
10. 49139 
10,148872 
10.148604 
10.148338 


9.911136 


9911046 
9 9109;6 


| 


9 910866 


9.910777 
9 910686 


9.351931 
9-352199 
9-85 2466 
9852733 
9.853001 
9-85 3208 


Sine 


ro. 148069 
10.147801 


10.147534 
10. 145267 


10. 14699910. 089224 


Tangent 


10.087079 
10.087 167 


10.087345 
10.082434 


10.0884 ˖6 


10.088864 


10.08725 


10.0875 23 
10.087612 
10 087701 
10 087790 


10 088058 
10.088 147 
10 088237 
10.088326 


10 088505 
10.088 
10.088 
10.0887 74 


10,088954 
10,089044 
10.089134 


8. 
535 


10. 241228059 
10 24104858 
10. 24086 
10,2 


o. zog oe ß 
10240328054 
10. 239969052 
10, 239780051 


| 


10,239431 49} 
10.239252 48 | 
10. 238894046 


10.238 1794 
10.238001 474 
10.2378 2340 
10, 237644039 


10.236400 
10.236223 
10.146732 10.0893 140% 236046 


Secant 


54 Degrees. 


— mad 


—_—_— __C—A t®. 


Tangents and Secants. | 


B_—_ 7 


* 


| 


— c_— 


35 Degrees. 


Sine 


Tangem 


LY 
32 
33 


9.703944 
9.764131 
9.764308 
9.764485 
9.764602 


9.910596 


9 910680 


9.910506 
9-910415 


135 


Ga 


14 

[41 
42 
43 
E 


42 


47 
48 


152 
153 
5 
-155 
56 
[57 
5 
159 


60 


4 


9.765015 


13719-765191 
3809.765367 
(3919-765 54419-99987 3 


9 70572 


9 76585619 90969 
9,7000) 109. 909601 
9˙7 662479. 909510 
9.266423 


9910144 
9.5000 
9.909963 


9.909782 


9.209449 


[6460219 910325855433: 
9.70483319.910235 


9.853208 
9.853535 
9853802 
9.854069 


9.854003 
9.854870 
9.855137 
9.85 5404 
9.855671 
9.855938 
9.856204 
9.856471 
9 856737 
9.837004 


10.146198 
10.145934 
10. 145663 


1.145397 
10,145 I 30 
10. 144863 
10. 144590 
10. 144329 


Secant 


10.089494 
10 08955 


10 089075 
10.089705 
10, 89956010 234595; 
10.08y94jtO 234809 


10. 90037 10 234633 
10.0,0127j10 23445 


10. 14732010. 093 4 10. a 300400 
10 14040510. 089404 10.235 869120 


10. 23569. 8 


10 23551 


10 225 3382 


10 235102 


10. 14406: 


10.143790 


10.143529 
10 143263 


10. 142996 


9.705989. 9093 a8 
9.766774 909237 
9.766949 
9.767 1249. 90905 5 
49] 9.767 300[9,908964 
509 767475 
519 7670499. 908781 
9.767824 
9.76799, 
9.76817 309. 90860 


9 909140 


9.857270 
9.857537 


9.857803 
9.85806 
9.858336 


10. 142730 
10*142403 
10.142197 


10.141931 
10.141604 


10 09021801. 254280 5 
10. ogo zog io. 234 10g 
10. ogo za 


10.090499 
10.090581 
10 090672 
10.090763 
10.092854 


10. 090945 
10. og io36 


10 2339 7 
10. 233753 


<4 


10.2332 
10. 233051 
10.232875 


k 


10.-23357 7116 
10.233402|ag 


214 


12 


10. 232700 


9 908873 


9. 908690 
9.908 599 


9.858002 
9.858868 
9.859134 
9.859400 
9.889660 


10.141398 
10.141132 
10. 140866 
10. 140600 


10. 140334 


9-76834819.908416 
9768522 


9 7686979. 908233 


9 768871 
9.759045 
977 


692 19 9. 007958 


9.908324 


19-908141 
9-998049 


9.859932 
9 860198 
9 860464 
9 8607 30 
9 86099; 
9.851261; 


| Sine 


10. 140068 
10. 139802 
10.1395 36 
10 139270 
10, 139005 
10, 158729 


Tangent 


10.091493 
10 Og1 584 


10.091127 


10.091219 
10.09 1310 


o. og 1401 


10.091676 
10.091757 
10. og i 8e 


10.09 I 951 
10,092042 


10.232525 


10.231652 
10 231478 
10.231303 
10.231129 


10 230055 


10. 230781 © 


10 
10.232351 9 
10, 232176 $ 
10. 2 3200 


10.23 1827 5 


(439 )__ 


A Table of Artificial Sines, 


[Tangent 


36 Degrees. 


76921999.90795819.8612061 
 119-76939219.907866|9.861527 
| 219 76956 
319-769 
419-7 0991 219.9975 


59 


80 77006069. 90722 9 863385 
7709700. 907 129 


9.86391 


06852 
1319-77147<19.906760 
14]9 77164 3]9 go6667 


9-99777419-861792 
7409.907682. 862058 
0 9.862323 
-77000719.90749819.862589 
_ 6[9-77026-19.907400[9.86285 4 
719-77943 30.973 14%. 863119 


863650 

5 
9.8641 10 
9.864445 


9.864719 
9 864975 


— 


10.138739 
10 138473 
10. 138208 
10.137942 
10.137677 
10.1374 
10.137146 
10.136881 
10. 1366715 


Secant | | 
10.230781 0 


10.092042 
10.092134 
10.092226 
10.092318 
10.092410 
10.092502 
10.092594 
10.092680 


10 23060805 
190.2304345 
10.2 30260057 
10. 230088050 


10. 22991355 
10. 229740054 
10.229507153 


110:136350 


10.135025 


7718159 906574 
109.77 1987.906482 
17% 7721599.906389 
18977233 10.906290 
190.7225030. 9:6 204 
2097267 5%. 90611109. 
19.772847 90601809. 
2219.77301819.905925 
239.7731900. 90583 21g. 
24.222351 9.957390. 


9.865 505 


9.865240 


9.865770 
9.866035 


9.866300 


7735335. 905045. 867887 
26.773704. 905 5 5 20 868152 
2719-77387519-99545919.868416 


9.905 27209. 868945 
3019-77438819-9051791g 859209 


10.134760 
10.134495 
10. 134230 


10. 133965 
10. 133700 


10.133430 


10.133171 
10. 132906 
10.132642 
10.132277 


10.1321 15 
10.131848 


10 093333 


10 092778 


10. 22939452 
10.092871 


10.229221151 
10% 29048050 
10. 228875049 
to 228702048 
10.2285 30 

10 228357 
10.228185 
10.228013 
10.227841 
10.09 370410. 227669 


10.093796J10.227497 
10.09358g|to 227325140 
10.093982[10.227153 
10.09407 ;[10.22698213 
16. 094 168010. 2268 10 
10. 094261010. 226639 


10. 09435 50.226407 
10.044480. 226296 


10.093 240 


10.093420 
10.093518 
10.09 301 


10 131584 
10.131320 


10. 1310550. 994728 
10. 13079110. 094821 


10094541010. 226125 
10 0946340 225954 


2 
0 


Tangent $ | 


53 Degrees. 


2 


Tangents and Secants. ( 431) 
36 — | 


A Sine | | frage 12 
[30] e 587770 765051377 f 587 8.2560 


3109.774559. 90508 59.860947 3[10.130527110.094915/10.225442 
329.7747299. 904992 86973710. 13026310. 0950810. 228271 
33 9.774995 9. 9048989. 37000110. 12999910 095 102102251 
34 97759709 9948-4 9048-419-87 0265 10.129735|10 095196; 10 224910 
9.775240. 9047 i 119.8705 2910. 12947 1110.09528910 2247to 
369.77 509 90461719.870793[10,12920710,095383/20-224590 
371 9-775 5809.904523 9.87 105710. 12894310. 0954770 224420 
9.77575 990442909 .871321 10. 128079 10.095570 2242 50 
39] 9-77 592919-9043 3419-871 585110.128415110.095665f10 224080 
499 7700999 90424119.871849110-128151110 0957590. 2239 10h, 
4109 7762599 904147|9-872112|10.127888[10.0958g5 3 2 


42] 9.77 042519 90405 3.872370. 127624. 959470. 223571 
439.7765989 90395919 $72640[10 127360 10.096041 10 223402{a 
9.77076819.90380419.87 200310. 127097110. 0961 36[10.223232 


4519-77693719-90377019.873107110.1:6833|10 096230[t0.223063 
9-777 001g 9036769. 87 343<110*129570[t0.cg6324110.222894 
479.7727 5% 903 58 1 87 3694 0. 1263060. 94.2272 

439-7 7744419-90348719-87 3957 ©-126043110.095513110.22255 

9-77701219,903192 9.87 4220010 12528010. 096508010. 222387 
9.77778 100 9032989. 87448 410.1255 16110 .090702[10.22221910 
9 77795919-99320319-874747[10-125253110.096797|10.222050, 
9.778110. 903 1089.87 50100. 124990010. 0968920, 221881 
9-77828719.903014 9.875 273010. 1247270. 09698610. 221713 
842.2284U5 9.902919 9.8755 30þ19.124404 0.097081 10.221545 
9-77802119.992824|9.875800[10.124200]10 c9717611c.221377, 
9 77879209. 9027 299 $76063[10.123937j10.0,7271110 221208 
5719 778909. 902634 876320010 12367410. 093660. 22 104 
589 77912809. 9025 39% 87658910 123411[10.c9g7401[10.220872 
599.7792659. 902444 87685 10, 12314910 097556 220705 
bo 9,7794619. 034900 877 114519,122886[10,c97651[10,220539 


| 
Sine | Tangent Secant | 
| . f 1 


| 53 Degrees. 


——_— »„— — * 
"RM 


— — 


A Table of Artificial Sin 


— _ 


es, 


37 Degrees. 


Tangent | 


9.877114 
9-877 377 
9.877940 


9.877903 
9.878165 


9902349 
77963 109. 902253 

9. 902 158 
65%. 902063 
9:901967 


„ 
FE " 5 8 9 — 


10. 1228806 
10.122623 
10. 122360 
to. 122097 
10.121835 


5 9.90187 219.878428 
619-78046719.90177619.87 8091 
179.7806349. 90168 10.878953 
_ | 819 7808019. 901585987921 

_9[9-78096819-90148919-879478 


10.121572 
10.121309 
10.121047 


6110,120784 


10.120522 


-7811 3419-901 39419.879741 
1109.78 13019. 90129809. 880003 
1209.78 14679. 90120209. 880265 
1309.78 16349. 90110609. 880528 
1400 78180009 9010100 880790 


10.120259 


10.119997 
10.119735 


10.119472 
10.119210 


Secant | 
10.097651 


10.097747 
10.097842 


10. 220537 


10.097937 
10. 09803 


10.098 128010. 2 19700 
10. 098224410. 219533 
10.0983 1910.219366 
10. 098415010. 219199 
10.098511110.219032 
10. 9860610. 2 188665 
10. 09870210. 21869904 
10. 098798010 218533 
10. 98 89410. 21836 
10 og8ggojro 21820 


10.220369 
10.2 20202 
10.220035 
10.219867 


5.7 8296609. 90091 
169.7821329. 9008 189.88 1314 
179.7822989. 9007 22 9.881576 
189.7824649. 90062609. 88 1839 
1909. 78263000. 9005 290.882 101 


10. 118948 
10. 118686 
10.118424 
10.118161 


7527969. 90043 39.882363 
219.7829610. 9003379. 882625 
2200.78 312700. 900 240 882887 
239.7832929. 900 1440.883148 
2419-738345719-9000471[9.883410 


10.117637 
10.117375 
10.117113 
10.116852 
10. 116590 


25 78362 39. 89995 119.88 3672 
269.7837889. 8998 54% 883934 
27.78 395 30. 8997 57%. 884196 


10.116328 
10.116066 
10.115804 


1280. 7841180). 8 996009. 884457 
299.7842820. 899564 8847 19 


10.115543 
10. 11523 


10. 11502 


. 


10.099278 


I 0. 100049 


10. 100243 
10 100340 


400533 


300. 784447J0.899457% 884080 


| Tangent 


10.216377 
10.216212 


10.099086110.217034|4c 


10.099182110.217868],, 


10,216047 
10 215882 
10.215718 


10.2I5553 


Seca 


52 Degrees. 


„5344 ts — 


Tangents and Secants. ( 443) | 


37 Degrees. 85 


Sine Tangent Secant 5 
3009.754447 9.99467. 88498010. 11502010. 1005 3310. 215553030 
319.7846 129.8993709. 885 24200. 114758010. 100030010. 215388029 
3209.784770. 89927309. 88 5503.0. 1144970. 10072710. 215224 28 
339.7849419. 899 1769.88 5766010. 11423510. 10082410. 2 15059027 
34.785 10519-899078[9-886026|10. .113974|10.100922]t0.2i4895 26 | 
3519-785269 9.898981 5.880288 10. 113712010. 10101910. 214731025 
360.78 543 30.898884. 8 865 49.0. 11345 1010. 10111010. 21456724 
3719-785 5979.898787. 8808 1010. 11316010. 101213010. 214403023 
389.785761 9.89808 99. 8870710 112928010. 101311010. 214239022 
39.285925 2828892 9 887333[10.112067 10.101408110.214075121 
4019-7 8608 9-898494[9.387 59410. 112406010. 10150610. 2139110 
419.7862520. 898397988785 50. 1121450. 101603]˖0. 213748019 
4219-7864 160. 8982999. 888 11010. 11188410. 101701 | i 
4319-7865 799.898 2029.888377 10.111623 10.101798[10.213421]17 | 
140.7867420. 808 1040. 88863910. 111361010. 10189 | 


4519.7 56690619. 898006[9.885900[10.111100[10.101994[10.213094|15 | | 
wi 


4619-7 8706919.89790819.889160[10.100840[10.102092[10.212931|14 || 
4719 7872 320.897 81019.88942 lo. 10057910. 102 19010. 212708 N i 
4819-787 39519-8977 129.8890820. 1003 18010. 102288010. 21260512 

4919-7375 5719-39701419.889943[t0.100057|10,102386[10,21244 3/11! 


5019-7877 2019-8975 1619. 890204[10. 109796[10.102484]10.21225c|10 
5119-78788319.897418[9.890465|10.109535|10.102582110.212117 
5 219-7 8804519897 32019.899725|10 10927510. 102680t0.211955 
5319-7 88208 22 89098010. 10901410. 10277810. 211792 
549.7883209. 897 1239.891247 10. 108753 10. 10287710. 211630 
5519-7885 3219. 9.89702519.891507[10.108493|10.10297 50. 211408 
569.7886940. 8969269. 8917680. 108232010. 10307410. 211306 
57 9.78885! 13.8968 289. 892028110. 107972010. 103 1720.211144 
58 9.78901 80. 89672909. 892285 10. 10771100. 10327100. 210982 
599.7891809. 89663 109.8925 49.10. 10745 1010 10336910. 210820 
—2 234 9.8965 32 5892819 10. 107 19010. 103468 


„ 4a 


o = » ws + in | ow 0 


i N 


— 
A * 
fo 
* 


| Sine | | Tangent | 


52 Degrees, 


1 


Ee 


A Table of Artificial Sine, f 


38 | Degrees. 


n 


— 


2909.793991 


9.791275 
9.791436 
2.791590 
9.791757 
9.791917 

9792077 
9792237 
9.222322 
9792557 


2399.793035 
24.223195 
259793354 
269˙793 513 
2719.793673 
2800.793832 


$019-794150 
— p 


Tangent 


| — — 
9.892810 


9.893070 
9.893331 


9.893591 


[9.895542 


9.895343 
9.895244 
9.8951 


9.895443 


9.893851 


9.895412 
895672 
9.895932 
9.896192 
9 890452 


9.89464 
91894540 
3.894446 
9594345 
9.89424 
9.894146 


9.89504519.8907 12 
9.894945[9-39097 1 
9.89484619.897231 
9.89474619-397491 


9-897751 


9 898530 
9.898789 
9.899049 


9.898010 
9.898270 


10.107 190 
10 106930 
10, 106669 
10. 106409 
10. 106149 
10.105889 
10. 105629 
10.105 368 
10. 105 108 
10. 104847 
10 104588 
10.104328 
0. 104068 
10. 103808 
10.103548 


Secant | 


— ͤ Eͤ—4V 
10. 103468 
10.103567 
10. 103665 
10.103764 
10.103863 
10. 103902 
10. 104061 
10.104160 
10. 104259 
10. 104359 
10. 104458 
10. 104557 
10. 104657 


10. 10475 
10 10485 


10 21049605 


10.210335 


10. 2 10012 
10. 209851 


1 0.209690 
10.2095 29 


10.209 365 
10.209207 


10. 209046 


10. 208885 
10. 208725 
10. 208 564 
10 208404 


10. 103288 
10. 103029 
10. 102769 
10.10250G 
10. 102240 


10. 101990 
10. 101730 
10. 101470 
10.101211 
o. 100971 


q 


9-894046 
9.893946 
9.893846 
9.893745 
9.893645 
28035444 


9.999308 
9.999568 
9.999827 
9.800086 
9.800346 
g 800605 


| | Sine 


| 


10. 100692 
10. 100432 
10. 10073 


10. 09965 4 
10.009305 


| Tangent 


— 


| 


10.099914| 


10. 10495 
10. 10505 5 


10. 105154 
10 105254 
19.105354 


10. 105454 
10. 1055 54 
10. 105654 


10. 105754 
1o. 108854 


10.105954 


10.106154 
10 106255 
10. 10635 5 
10. 106456 


10. 106054 


10. 208243 


10. 208083 
10.207923 
10.207763 
10. 207603 


10 207443 


10. 202840; 


10.207124 


10. 206805 


10. 206646 
10.206487 
10. 206327 
10 206168 
10. 206009 
10. 205850 


Seca 


10. 206965 z 


— 


51 Degrees. 


1 — — — 
— 


— 
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| | Tangents and Secants. ( 445 ) 


| 38 Degrees. 


* 


I —_— 


Sine | [Tangent | Secant 
. KY nnn WY EC , SICIIET 5 . 
139/9-79415019.893 544% 9006050. 09939510. 10645610. 2058 5003 
319.7943089. 8934449. 90086410. 099 136.10. 1065 5610. 20569202 
329.7944679. 8933439. 90112410. 098876 10. 106557 10. 205 5 3302 
3309.794620 5.893243,51383 10.098617 10. 1067 510. 205 374ʃ27 
34 9· 947849893 1420. 90 104210. 0983558 10.106858 10.205 24626 
+79494219-89304113.901901 ES 10,205058|25 
3619-795 101]9,8gag40[9.902160[10,097840|10.107000[10.204899 
379.795 2599.892839 9.90241 f10. 097581 10. 107 16110. 204741 
389.7954179 .892738 9.992079|10.097 321110. 107262 10. 204583 
| 399:79557519-392037 9 902938110.097002|10.107363]10.204425 
-79573319-8925 3609. 903 19710. 09080310. 1074041 0.2 4207 
419.795 89 9.892435. 90345 5/10. 096 545.10. 10756510. a 410⁰ 
60499. 892334. 9037 1410. 09628010. 10766610. 203951 
439.7962009. 89223309. 90397 310.9602710. 10776710. 203794 
4419-790 3649. 89213209. 904232 10. 095768010. 107868 10.203636 
4519-7905 2 109. 892030[9.904491[10.095509[10.10797c|10.203479]15 
[4 19-79007919.89192919.904750[10.095250[10.108071[10.203321|14 
4719 790836019.89182719.905008[10.094992[10.108173[10,203164[13 
148 9.79699 319.8917 269.905 267110.094733110.1038274[t0,203007]|12| 
49!9-79715019.89162419.90552610.094474|10.1038376[10.202850|11 
5019-797 39719-8915 239.9057 84.10.0942 1610. 10847710. 202663 
519.7974649. 89142109. 90604310. 9395710. 108579 10. 202536 
529.7976210. 8913199. 906 302010 93098010. 10808 1010. 20237 
539797777 9.89 2179.906660 10. 09344010. 1087830 0.202223 
54.297934. 89 1115. 9068 10.0.9318 if 0. 10888 ft o. 202066 
559.7980919. 89 101309. 90700. 929230. 108957 ft. 01909 
559.7982470. 89291 119.907 33610. 092604 f. 10908910. 2017 53 
579.7984030. 89080909. 907 594[10.09240*[10.1091911:0.201597 
589.7985609. 890709. 907 85 2 10. 092 14810. 109293 0. 20144 
5919-79871 9. 890605. 908 111010. 09188910 109395 [10.201234 
7988720). 8905030. 908 360010 091631010. 1094 710. 201128 
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K 
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is 


( 446 ) 


A Table of Artificial Sines, 


39 Degrees. 


go wn vr = ww wr3an - O ' "un 


10 


9 799495 


Sine | 


9 798872 
9.799028 
9 799184 
9-7 99339 


9.799651 
9.799805 
9.799302 
9 800117 
9.800272 
9.80042” 
9.800582 
9.800737 
9. 800892 
9801047 


9.801201 


1 
(9 


Joh 


9.890303 
9.899400 
9.890298 
890195 
2.890003 
9.89990 
9.889888 
9.889785 
9.889682 
2889579 
9.589470 
9 859374 
9.88 ,271 
9.889167 
9889064 
9.888961 
9.888858 
9.888755 
9.88865 1 
9.888548 


9.888444 
9.888341 


9.888237 
9.888133 
9.888010 


425.8027 43.887926 
2609: 802897. 8878 22 
279. 80305009. 8877 18 
80. 803 2040.887614 
9.803 3579.887510 
8035 1000.887406 


| Tangent 


9.910951 


9.905309 
9.908627 
99083880 
9.999144 
9:9: 9492 
9.90660 
9.909918 
9.910177 
9910435 
9-910093 


9.911209 
9 911467 
9-911724 
9 911982 
9.912240 
9.912498 
9.9127 56 
9.913014 
92327 


9.913529 
9.913787 
9 914044 
9.914302 
9.914560 


10..9i631 
10 091373 
10.091114 
10.090856 
10. 9 e 
10.090340 
10.090882 
10.0898 23 
10.089565 
10.089 307 
10 089049 
10.088791 
10.0885 33 
10.088276 
10.088018 


10.087760 
10.087502 
10.087 244 
10.085980 
10.086729 


10.086471 

10.086213 
10.08 595 
10.085698 
10. o8 8440 


9.914817 
9.915075 
9.915332 
9.915590 
9 915847 
9 916104 


| Tangent 


4 


. 
— — — 


10. 109497 
io. ioc 


10. 109702 
10. 109805 


10.109 307 


10.11001C 
10.110112 
10.110215 
10.110318 
10. 11042 


10.110524 
10. 110626 
10. 110729 
10.110833 
10 110936 


10. 201128 


10 200972 
10. 200816 
10. 20066 


10. 200505 


10. 200349 
10. 200194 
10. 200038 
10.199883 


10.109728 
— — Ü— 


10.199573 
10. 199418 
10 199263 
10. 199108 


10 198953 


10. o85 183 
10.084925 
10.084668 
10.084410 
10 084153 
10.083890 


10. 111039 
10.111142 
10.111245 
10.111349 
10.111452 
10.111556 
10.111659 
10.111763 
10.111867 


10.111970 


10.112074 
10.112178 
10.112282 
10 112386 
10. 112490 


10.112894 


10.198799 
10. 98644 
10. 198489 
10. 198335 


10.198181 


10.197027 
10.197872 
10.197718 
to. 197565 


10.197411 


10.197257 
10. 197 103 
10. 196950 
10 196796 
10. 195644 
10.196400 


MN 
— 0 


+ SY 


G1 2 1 HY IT Ht Wt 
C92 i» Wy 


| WHY 
on I's 


© + wt 
2 oO ©: 


40 


— 
A 


44 


Seca 
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Tangents and Secants. 


(447). 


cf} 


39 Degrees. 


— 


9 


9. 80351009 887400 
8036649. 887 302 
8038179.887198 
? "as 503970. 887093 
1419-82412 31g 886989 
9. 84.70 885885 

442809 850780 
: © - ess! 9.88567 09 
9 0047 3419.860g71 
oly 8550 38 386352 
9 805 19 0 886257 
42652450 286155 
9.805475 9.886047 
9.805617 9.885942 


9916104 
9916361 
9918019 
9.916870 
9g 917034 
9-917 39! 
9.917648 
9.917905 
9.918163 
9.913420 
9.918077 
9.918934 
9.919191 
9 919448 
9.919703 


519.80579919.385837 
9.80595 1 885732 
9 8061039 885627 
9.80625 49.885 521 


2 8064009.885416 


9.919952 
9. 920219 
9.920476 
9.920733 
9-920990 


9.8065 57% 885311 
9 806709 9.885 205 
9. 8068609. 885 100 
9.80701 19.884994 
9.807 1639.884889 


9.807 3149.884783 
9 8074659. 88 4677 
480761 59.884572 
9 8077669. 884466 
9.80791 719.884 360; 
60! 9,80800719.884254 


Sine 


9 921247 
9.921503 
9.924 760 
9.922017 
9.922274 
9.922530 
9922787 
9 923044 
9 923300 
9923557 


0. 0538900 
10 083638 
10.083381 
10.083124 
10.082860 


10.082609 
10.082352 
10.082095 
10.08 1837 
10, o8 1580 
10.081323 
10.08 1066 
10.080809 
10 080552 
10.080295 


10.080038 
10*079781 
10.079524 
10.079267 
10 079010 


10.078753 
10.078497 
10. 78240 
10.077983 
10.077726 


10 077470 
10,077213 
10,076950 
10.076700 
10.076443 
10.076187 


Tangent 


Secant 


10.112594 10. 8 30 
10-1 12698 10. 1963 36029 


10. 112802110. 196183028 
10. 11290710. 196030027 


10 11301110 195877 26 
10.113115 10 19572425 
10, 113220 10 155572 24 | 
10. «11332410 195419123 
10.113429 10 195266|22 
10.113534 10 I95114/21 
10. 113638010. 1949522 
10. 11374310. 19490919 
10. 1138480100 19465718 


10. 113953010 19450517 
10. 114058010 194353 16 


10.114163[10.194201/15 
10 114068[10.194049 14 
10.11437 3j110.193897 13) 
10. 114479010. 19374612 
10. 11455470. 19359411 


10. 11468910. 193443 10 
10. 114795][10. 1932919 
10. 114900010, 193140 8 
10. 11500610. 192989 7 
10.1151110(10. 192837 6 
10. 11521710. 192686 5 
10.115323110.192535| 4 
10,115428110.192385| 3 
10 115534010 192234 2 
10. 115640010 192083] 1 
10.115746[10.191933! © 


Secant 5 5 


50 Degrees. 


th. 


. 
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* 
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A Table of Artific 


ial Sines, 


— — — 


tn th 


40 Degrees. 
| 5 — - 5 


— 


|Tangent 


9-88425419.92351 3 
9.88414819.924070 
9.88404219.924327 
9-883930]9-924583 
9.88382919.924840 
9.88372319-925090 
9-88301719.925352 
9.88351019.92560 
809.8092699. 88 3404.925865 
9.88 3297.926121 
0g. 8095699. 883 19 109.926378 
110). 8097 189. 88 3084.926534 
12.809868. 8829779. 926890 
139.8 10017 882871[9.927147 
14.810167 9.88276409.927403 
150).8 103 169.8820579. 927659 
169.8 104659.8825 50.927917 
1709 8108 14½0.8824439.928171 
180.8 10763090.8823 3609.928427 
1909.8 109 120.88 222809 928683 
20 9.8 1106109. 882 12109.928940 
2109.8 1121009. 8820149.929 196 
811358 9.88 19079.929452 
2309.8 1150.88 1799.929708 
24 9.81165 89.88 1692 9.920964 
2509.811803. 88 15840 930219 
2009.8 1195 29.88 1477.930475 
279.8 111009. 88 136909.930731 
289.8122489. 88 1261 930987 
2909.8 12397 8811539931243 
309.812544½%.88 1045.031409 


Secant 


10.07 5930 
10.075673 


10.075417 
10.075 160 


10.074904 


10.074048 
10.074391 
10.074135 


10.07 3365 
10.073110 
10.072853 


10.072341 
10.07 2085 
10.07 1829 


10.071573 
10.071317 


10.070548 
10.070292 


10.069781 
10.0695 25 


10.068501 


| Tangent 


10.076187 


10.073879 
10.07 3622 


10.072597 


10.7 1000 
10.070804 


10.070036 


10.069269 


10. 06901 3 
10.068757 


— 


Secant 


10.115852 


10.116171 


10.115746 


10.115958 
10. 116064 


10.191932 bo 
10. 19178259 


10. 191632058 


10. 191481057 
10. 191331056 


10.116277 
10. 116383 
10. 11649 

10, 116596 
10. 116703 
10. 116809 
10. 116916 
10, 117023 
10. 117129 


10.117343 
10, 117450 
10.117587 
10.117664 


10.117772 


10. 118093 
(0.118201 
10.118308 


10. 118523 
10.118631 
10.118739 
10.118847 
10. 118956 


10.117236 


10.117879 
10. 117980 


10.118416 


10. 191181055 
10. 191031054 
10. 19088 1053 
10. 190731052 
10. 190581051 
10. 1904310509 
10. 19028204 
10. 190132048 
10.18998 3147 
10.189833 46 
10. 18968445 
10.1895 35144 
10. 189386043 
10. 189237042 
to 189088041 
10. 188939040 
10. 188790039 
10. 188642038 
10.188493 
10. 188345 


10. 188 196035 
0. 188048 
10. 187900033 
10.187752 
10.187603 031 
10. 187456039 


Secant 


49 Degrees. 


— 


Tangents and Secants. 


(497 | 


* 


40 Degrees. 


Sine 


nn 


| 


Tangent 


9.812544 
9.812092 
9.812840 
9.812988 


3402.813135 


9.813283 
9.813430 
9.813578 
9813725 
3209.813872 
9 814019 
9814166 
9.814313 


9.814460 
9.8 14607 


9881045 
9.880938 
9.880830 


2+ 


9 885613 
9. 1.830505 
g 880397 
9.880289 
9.880180 
9- .88007 2 


9.879963 
9879855 
9 879746 
9.379937 
9.879829 


9-93149y 
9931755 
9 932010 
9.9 2266 


9 912522 
9-932778 
9.933933 


9.933289 
9.933545 
9.933800 


9.934056 
9.934311 
9.934567 
9 934823 
9.935078 


4219.815339 


9.814753 
9.814900 
9.815046 


9.815193 


9.379420 
9 879311 
9879202 
9.879093 
9,878984 


9.935333 
9.935589 
9.935844 
9.936100 
9-936355 


1 0.068501 
10 068245 
10.067990 
10.067734 
10.067478 
10.067 222 
10. 06696 
10.0667 11 
10.066455 
10, 66200 


10.055944 
10.065689 


10.065433 
10 065177 
10.064922 
10.064067 
10*064411 
10.064 156 
10.063900 
10 063645 


9.815485 
9 815631 
9.815778 
9.815923 
549.8606 


9.878875 
9.878766 
9.878656 
9.878547 
9.878438 


9 936010 
9.936866 
9.937121 
9.937376 
9.937632 


509.8169430 


81621 
9 816367 
9 816507 
9 816652 
9.816797 


9.878328 
9.878219 
9.878109 
9.877999 
9. 375595 
8777 


9.927887 
9 938142 
9 938397 
9 938653 
9 938908 


10.063390 
10.063134 
10.062879 
10.062624 
10,062 268 


10 c62113| 
10, 061858 
10, 06 1603 
10.061347 
10.06 1092 
10 060837 


Sine 


olg 939163 


Secant 


10.118955 
10.119962, 
10. 119170 
10.119279 
10 119387 
10.119495 
10, 119603 
10.119711 
10. 11982 

10. 119928 


10. 120037 
10.120145 
10.120254 
10.120363, 
10.120471 


10. 120580 10.185247|ic 


10 120689 
10.120798 
10. 120907 


10. 121016 10.184661 


10.121125 


10.121344 
10. 121453 


10.121562 
10. 121672 
10.121781 
10, 122891 
10 122001 


Tangent 


10.121234 10.184369 


10. 122110 10 183203 
10.122220 10 183057 


10. 187456 30 
10. 187308 29 
10. 187160028 
10. 157013) 27 
10 85888 20 
10 1871725 
10 1865704 
186422 23 5 

o 18627522 
10 186128 21 
10. Tons 
10. 185834019 
10. 185687018 
10 185540/17 
10. 82315 


| 


10.185100 


10.184954 
10.184807 


10. 184515 


10, 184222 
10. 184077 
10. 183931 
10.183785 
10. 183639 


10.183493 
10 18334 


1 Toy 00 \O 


1 FRPRPES 


Secant 


49 Degrees. 


— 


E. 


4 


( 450 ) 


A Table of Artificial Sines, 


LY 


41 Degrees. 


= 
8 


Sine | 


Tangent | 


Secant 


—_—— 


E 


O 
I 
2 


9-81694 3 
9817088 
817233 
1381737 
2. 815 162 


9 939103 
9.939418 
9.939673 
9.939928 
9.940183 


9. 87 760 
9 87707 
9 877560 
3 877450 
9.877340 


10.0008 37 
10.060582 
10.060327 
10.06007 2 
10.059817 


| 


10.122220 
10.122330 
10.122440 
10.122550 
10.122660 


50.817005 
an. 81781} 
7.817958 
85.818103 

9.818247 


„940438 
9.940094 
9.940949 
99412 4 
9 9414551 


9 877230 
9 877120 
9.877010 
9 870399 
g 870739 


10.0595 62 
10.059306 


10.059051 
10 058796 


10-058542] 


1 
14¼8 185 3609. 
11219 818681 
139818825 
14 9.818769 


5.818392 


9.87667 89 941713 
876568 
9.876457 
9.87634 
9.876226 


(9942223 
9.942478 
9.942733 


9.941968 


10.058287 
10.058032 
10.057777 
0.057522 
10 057267 


15 1509.819113 
1169.819257 
1709.819401 
180 819545 


9.820263 
9: 820400 


9.942988 
9.943243 


9.876125 
9.876014 
9.859049. 943498 
9 87579319 943752 
9.87;68219,944007 


10,057012 
10.050757 
10 0536502 
10 056248 


10.059993 


987557119. 944202 
9.87545919-944517 
9 87534819-944771 
9-87523719-945920 
9 87512019.94528! 


9. 8 206g 3 
9,820836 


821269 


9.820550, 875014 


9.945535 
9874903 9.945790 
9.874701. 946043 
9874679 946299 
9.874568 9.9465 54 
2.874480 87445 009.9 46808 


1E Sine | | 


10.953955 


10.05 5738 
10.05 5483 
10, op 5 229 
10 054974 
10.05 471% 


10. o 4465 
10.054210 


10.053701 


10.05 3446 
10.083102 


10 123764 


10. 124318 


10. 124986 


10. 122770 
10. 122880 
10. 122990 


10.1231 
3 
10.123322 


10.123432 


10 123543 
10 123653 


10. 123875 
10 123986 
10124096 
10 124207 


10. 124429 
10 124541 
10. 12465 2 
10.124763 
10.124874 


10. 125097 
10, 125209 
10.125321 
10. 125432 


10.183057 


10.182912 


10 182767]; 
10.182622]; 


10.182477 


10.182332 


10.182187 
10. 182042 
10.181897 
10.181753 


10. 181608 
10.181464ʃʃ 


10.181319 


1018117504 


10. 181031 


10 180887 
10. 180743 
10. 180599 
10. 18045 5 
10. 18035 


10. 18016840 


10, 180024 
10. 179880 


10 179737 


10.179594 


10. 179450 
10.179307 
10.179164 
10. 179021 
10. 178878 


10.178735 


Secant 


Tangent 


48 Degrees. 


. * * — * * - * 


Tangents and Secants. ( 451 ) | 


41 Degrees, 


i. 
8 ———— — [ 2 —hALl— > Soo ooo e—_ — — 


5 | 


Sine Tangent Secant 


3919,8:126519,874450/9,940808|10,05 319210, 1255440, 17873503 
3109.82 407 9,87 4344, 47063ſ10, o5 293710, 12565610, 785930 
329,8 21550 9,8742320, 9473170, of 2083010, 125768 10, 178455 
339, 821693 9,8741209, 94757 200, 52428010, 1258 010, 178307 
by 9,8218359, 8740089, 9792000, 05217410, 12599210, 178105 
35%, 821977, 8738969, 94808 1070, o5 1919.10, 126104010, 178023 
30 9,8221200, 873784, 94833 5/10, og 160510, 1262160610, 177880 
379, 82226209, 8736 2, 94859001, 05 141010, 125328010, 177738 
389, 822404, 8735509, 95884410, 5 115610, 125440010, 177596 
3919-8225 4619,87 344819,949099|10,05 19010, 126552110,177454 


4019, 82208 50, 873335%,94965 3 78,550. 47 ſ10, 126665 10, 177312 
419, 82283009, 8732 239,949 30% 10, 5039310, 12677710, 177170 
4209, 82297200, 87311 00%, 94986210, oy 038010, 12689010, 177328 
43 9.82311400,87 29980, 5011610, 4988410, 12700 lw, 176886 
144[9,82325519,87233519,95037c|10,049630|10,1-7215 10,176745 


| 4519-82339719,87277219,950625|10,049375|10,127728|t0, 176603 
4019, 8235 3919.87 265900, 950879 10, 410, 12734010, 176461 
47, 82368009, 872547, 951133010, 4886710, 127453010, 176320 
489, 82382109, 87 2434,95 1388010, 48612010, 12756610, 176179 
40 9.823963 9,8723210, 95 1642010, 48 358010, 127679010, 176037 
5000, 8241040, 87 22080, 95 89610, og8 104.10, 127792010, 175899 
51,824245½,87 2094, 95 215010, o478 50.0, 12790610, 7 5755 
529, 8243869, 87 198 109,95 240410, 047 596.10, 129019 10, 175614 
539 .8245279,87 18689, 95 2059.10, 047 341010, 128132 10, 175473 
54 9.824668 9,87 175 50,95 2913010, 4708710, 128245/10, 175132 
55 9,8248080, 871641, 95 316710, 4.833010, 28359010, 175192 
5609, 824949 9:87 1528[9,953421 10, 465790, 128472019, 175051 
5719,-8250991[9,87 14149, 95 307510, 46325010, 1285 86010, 174910 
580, 825 2309, 87 1301, 95 392910, 460710, 2869910. 174770 
$919,325 37009, 87 1187, 954183, 458 17/10, 128813010. 174630 
160.9, 8255 110,87 10210, 4427 10, o48 563010, 12892710. 174489 


I 
— 
| Sine | | Tangent | Secant =| 


45 Degrees. | 


ns 


Js . 


————— 


( 452) 


A Table of Artificial Sines, 


42 Degrees. 


* 


Sine 


ren 


Tangent 


| 


1160982774 


55.8262 77.870504 
| 709. 8264919.870276 


209.8291319. 868093 


09. 8258119871073 
1 9.82565 109. 870960 
209.8257919. 870846 
319-82593 119.8707 32 

5.82607 19.8706 18 


9.954437 
9.954691 
94954945 
9.955199 
9.955453 


10. o45 563 
10.045 309 
10.045055 
10.044801 


10.044547 


| Secant 
10.128927 
10.129040 
10.129154 


10. 129268 
10. 129382 


59.8263 5 19.870390 


819.82663119.870161 
29.826709. 8 70047 


9.955707 
9.955961 
9.956215 
9.956469 
9956722 


109.2691 

11.8 270499. 8698 18 
129.8271899. 869704 
139.8273289. 8695 89 


9.869933 
9 


15 4 
5 


17.827884. 869130 
189. 8280· 39.869015 
199.8281629. 86890 


9.956977 
9.957231 
9.957485 
9.95773 


9.95824 


986924509. 958 500 


9.958754 
9.959008 
.959262 


2009.528301 9.86878 5 
219.8284399. 868670 
229.8285789. 8685 5 5 
239.8287169. 868440 
249.8288 59.868324 


9.959515 
9.959759 
9 960023 
9.960277 
9.9605 30 


259.8289939. 868209 


27%. 82926 

24.829407 
299.8295645 
30 9.829683 


9.867978 
9.867862 


9.867747 
9.867631 


Ll 


C * 
. 
, - 
. 
* 


9.960784. 
9 961038 
9.961291 
9.961545 
9-961799 


Sine 


10.044293 
10,044039 
10.043785 
10.043531 


10.043277 


10.043023 
10.042769 
10.0425 15 
10.042261 


149.8224670. 86947 4%. 08700. 42007 


10.041754 
10.041500 
10.04.1246 


10.040992 
10.040738 


10.040485 
10.040231 
10.039977 
10.039723 
10.039470 
10.039216 
10.038962 
10.038709 


10.038455 
10.038201 


9.96205 2010.037048 


Tangent 


10.129496 
10. 129610 
10.129724 
10. 129839 
10. 129953 
10. 130067 
10. 130182 
10. 130296 
10. 130411 
10. 130926 
10 130640 
10. 13075 ) 
10 130870 
10. 130985 
10. 131100 
10. 131215 
10. 131330 
10. 131445 
10. 131560 
10. 131676 
10.131791 


10. 131907 
10.132022 


10. 174489 
10.174349 


10. 174209 
10 174069 


10. 173789 
10.173649 
10. 173509 
10.173369 


10. 173090 
10. 172951 
10.172811 


10.172672 


10.172394 
10.172255 
10.172116 


10.171977 
10. 171838 


10. 171699 
10.171561 
10.171422 
10.171284 


10. 17 1000 


10. 170869 
10.170731 


10.132253 
10.132369 


| 
| 


10.170593 
10.170455 
10,170317 


Secant | 


10.17 3929]56 


10. 173230051 


10.1725 3304 


1017114535 


1 
1 
f 


47 Degrees. 


Sine | 


9.830372 9.867051 


9.830784 9 


| 


19-$33377 9.864481 
39.833512 9.864.363 


Sine 


Tangent | | Secant | 5 


9.829683 9.667631 
9.829821 9.86751519. 
9.829559 9.867 399]9- 
9.830097 9.86728319- 
9.830234 9.867167). 


9.962052[10 037948010. 132369 10. 70317 30 


9.8 305099. 86693 5 
2884 3.86007 96 

8667039. 
g9.83092119.866586 
9.831058'9.86047019. 
9.831195 9.86635 319. 
9.831332|9.8662 3719. 
9.831469'9.8661 20 
9.8 3160609. 866004 


9.8317429.865887 
9.831879 9.865770 
9.832015 9.865053 
9.832152 9 865536 


9.963574110.036426110.133065]10.169491]24 


9.965 349.10 03465 1010. 13388010. 16853 1.17 
9. 9656020. 034398010. 13399610. 168 39416 
95585 510.0341450. 134113010. 16825875 | 
9.966109110.033891110.134230[10.168121[14 . 
9.966352 010.03 3638010. 13434710. 16798513 
9.9666 1610.03 3384410. 13445410. 167848 124 
9.966869110.033131[10.134581110.167712111 
7122010. 032878010. 13468010. 167 57 5.0 
9.907 370010. 03262410. 13481510. 167439 
96763010. 032370010. 13493210. 167303 
9678831. 03211710. 135050010. 167 167 
968 13610. 03 186410 13516710. 167031 
9.968389 10.03 1611010. 13528410. 106895 
96864310. 03 135710. 135402010. 166759 
9. 96889610. 03 110410. 1355 1910. 166623 
9.969 14910. 03085 110. 13563710. 166488 
9. 96940310. 03059710. 135755ʃ10. 1663 52 
9. 9696 610.0303440. 13587310. 166217 


9.832288 9.865419 
9*832425 9.8653021g. 
9.832561/9.865185 
9.83 269 9.865068 
9.83283 309. 864950 
9.832969 9.864833 
9.837105 9.8647 16 
9.833241/9.864598 


9.833648 9.864245 
9.833783 9.8641 27 


1003769410. 13248510. 170179029 | 
10.037440|10.132601|10.170041|28| | 
10.037187110.132717110.169903|27 | 
10.036933[10-132833 10. 16976c|z6 
10.0360680]10.132949]10.,169625]25 


10.036173j10.133181]10.169354]23 
10.035919110.133297110.163216|22 
10.035065110.133414110-169079]21 


10.035412[10.133530 10. 168942020 
10.035 158010. 13304710. 16880519 
10.034905 10.133763 10. 16866818 


Tangent Secant 


Furl o _ ET Po ca 


47 Degrees. 


- 


| 
| 


( 454 ) A Table of Artificial Sines, 


— 


43 Degrees. 


— 


9.833783 9.804127 
9.833919]9.864010 
9.83405 49.863892 
9.834189]9-803774 
98342 25 
9.834400 9.803538 
9.83459519-803419 
9.834730 9.863301 
9.83486519-863183 


3.835269 9.862827 
9.835403. 
9.835538 
9.83507219-502471 
9.835 8079.862353 
9.835941˙852234 

83507 5.862115 
9.8 362099 · 861990 
9.836343 
9.836477 
9.836611 
9 836745 
2309.836878 
239.8372012 


9.861758 
9.861638 


9.863656 


9.834999 9.86300 4 
—ͤ — | 
9.835 134˙862946 


9.861877 


9.861519 
9.861400 
9.861280 


9.969656 
9.969909 
9.970162 
9.970410 
9.970669 
9.970922 
9.971175 
9.971429 
9.971082 
9.971935 
9.972188 
9.97244 
9972095 
9.972948 
9.973201 


Tangent | 


Secant | 


10.030344 
10.0300g1 
10.029838 
10.0295 34 
10.029331 


10.135873 


10.135990 
10. 136108 


10 130226 
10.136344 


10.029078 
10.028825 
10.028571 
10.028318 
10.028065 
0.027812 
10.027559 
10.027 305 
10.027032 
to. 26799 


9-97 3454 
9.973707 
9.97 3960 
9-974213 
9 974460 


10.0265 46 
10.026293 
10.026040 
10.025787 


10.025534 


9.974973 


9.975479 
9-975732 


9.861161 
9.861041 
9-861621 


2519.837146 
2609.837279 


9.861562 


9.861802 
9.867682 


9 975985 
9.970238 
9.976491 


9.976997 


Secant 


9.974719 
9-975226 


9 970744 
9.977250 


10.025281 
10.02 5027 
10.024774 
10.024521 
10.024268 


10.024015 
10.023702 
10.023509 
10.023256 
10.023003 
10.022750 


| 


10. 136462 
10.136581 
10. 136699 
10, 136817 
10. 136936 


10.137054 
10.137173 
10, 137291 
10. 137410 


10.137647 
10, 137706 
10.137885 
10. 138004 
10.138123 
10. 138242 
10.138362 
10.138481 
10. 138600 
10. 138720 
10. 138839 
10. 138959 
10. 139079 


10. 139198 
10.139318 


Tangent 


| 


10.166217 
10. 165081 


10. 165810 
10. 165675 


10.165540 


10. 165405 


10.165135 
10. 16500 


10. 164866 
10.164731 


10.164597 
10.164402 


} 


10. 137529010. 164328 


10.164193 
10. 164059 
10.163925 
10.163791 
10 163657 


10.163523 
10.163389 
10.163255 
10.163122 
10. 162988 


10. 102854 
10.162721 
10.162587 
10.162454 
10.162321 


| 


10. 13943810. 16218802 
Secant 


10.165946 


10.165270 


| ͤ ͤAä—¾ . 


| 


Cd 


46 Degrees. 


” oe o_——— „% —_————— 


| — — 
Tangents and Secants. ( 455 ) 


pn IT 


4 —_ 8 * = 
| — 2 — 


— .... 
— 


| 43 Degrees. | 


Sine 3 | Fragen ET | Secant : 


3009. 837812 2 ATT) 9577256 ro 022750 10. 13943% 10.162188 304 
19.837945 9.860442 9.977 500. 02249710. 13955810. 1620559 
3209. 8380789. 8603229. 9777 5610. 02224410. 139078010. 161922026 
339.8382119. 86020209. 97 800. oa 199110. 13979810. 16178907 
3402. $38344\9.860082 800082 9.826201. 021238010. 130918010. 16165006 
35 9.838477 9. 5-85006219- 978515 10.021485 10. 14030810. 161523 25 
3609. 8389109. 859842 9.978780. 02123210. 1401 58010. 16139024 
3700.838742 9.85972 1% 97900. 02097910. 140279010. 161258023 
389.8388759 8596019979270. 0207 2610. 14039910. 16112522 
3902. 839007 9-85948c 85948019-979527110.020473[10.140520ſ10.1609 ;3]21 


4019- 8391 409. 859360 9. 979780 10.020220 10.140640 10.160860 20 
4109.839272 9. 8592399. 98003531 019967 10. 140761010. 150728019 
4209.839404 9.8591 199. 98028610. 0197 14.10. 14088 1010. 160596 18 
4309.839536 9.85899 89.9805 38010 019462010. 14100210. 16046417 
4419 839668 9.85887719.980791110.019209110.141123j10.160332 16 


45 839800 g. $587 56/1.981044[10.0189;6]10.141244[10.160200[15 | 
4619-839932'\9.85863519-931297[10.018703[10.141365[10.160068|1,, 
470.8400649. 8585 149.98 155010. 01845. 14148010. 159936013 
4809. 84019000 858393 9.98 180310. 918197 10.141607 10. 159804](12 
4919: 9.840328. 85827219 9820506110. .017044110.141728110.159672111] 

9'84045919.8581 5019. 98230910. 017691010. 141850 10.159541 

84059 19.8580 299.9825620. 01743810. 141971010. 159409 9 
5209. 947229. 8579089 98281410. 01718610. 142092 19.159278 8 
5319-84085 4% 85778609. 98 30670. 06933010. 142214010. 1591466 7 
1742.842849. 85766519.983320[10.016680[10 43350. 159015 6 
[cc19. 8411169.85754319.983573[10. 5.016427110.142457 10. 158884 cy 
| .841247 9.85742 1%, 983820010. 016174ʃ0. 14257910. 158752 
5679.841378 9.857 30009. 98407910. 015921010. 14270010. 158622 
| 


_ 
”” . 


5819-841509 9.85717819.984331[10.015669ſ10.142822[10.158491 
5909.841640 9.85705 69.984584 10.015416010.142944 10.158360 
60 8417719. 85693419: .984837[10.015 163 10. 1430660. 168229 


l 5 298222 


| Sine Tangent | | Secant 


| 
D 


46 Degrees. 


— 
— mt 


W * *— _ 


a. th 


( 456 ) 


| A Table of Arfclit Minen, 


44 Degrees. 


i Sine | 
© 9:3509349' 984837 
1 9 8568 129.98 5090 
2 9 8566909985 343 
3 9.8 565689.985 596 
4 9.8564459.985848 


Tangent | 


| 
10.015163 
10.014910 
10.014657 
10.014404 
10.014152 


9.841771 
9 841902 
9.842033 
9.842163 
9.842294 


1 
1 


110-14355S5 


»„— 


: Secant 
10.14.3066 
10.143188 
10.143310 
10 143432 


9.842424 
69.842555 
79.842685 
8 842815 
9.842940 
jt 9.843070 
111 843206 


9.856323 9.980101 
9.856 2019.986354 
9. 8560789. 986607 
9.559569. 986 860 
g 8558339.987112 
9-8557119 987305 
19-8555889.987618 
412 843336 19.855 4659-987871 
1 3]9-84346519.8553429.988123 


ay 


10.011624 


10.143677 
10.143799 


10 144781 


14'9-84359519-8552199.988370 
1519-8437 2519.85 50969.988029 
169.8438558 5497 39.988882 
179.8439849.854 8509.989134 
18 844114 8547279-989387 
1900.844243 9.854039, 989640 
9.84437 109. 8544809.989893 
9.844502 9.8543 569.9901485 
9.84453 109 8542339990308 
9.8447 6009.8 54 1099. 990651 
98448899 85 39809.999993; 
9.84501819,8538629,9911506 
9.845 147 8537389-991409 
9.845 2769.85 36149.99 1662 
9.845404 

9.845533 


10,011371 
10.011118 
10 010866 
10 010613 
10.010360 


10.010107 
10. 098 5 
10, 09602 
10 009349 
10.009097 
10.008844 
10.008591 
10.008338 
10. 808 
10.007833 
10.007 580 


9 85 33669.992 107 
9 8532429902420 


| Sine 


10. 144904 
10.145027 
10. 145 100 
10.145273 
10.145397 
10. 1455 20 
10 145644 
10.145767 


10.145891 
10. 146014 


| 

10.158229 
10. 158098 
10 157967 


10.157837 
10. 157706 


10.157570 
10.157445 
10.157315 
10.157185 


10.1 7054 


10.156924 
10. 156794 
10. 156664 
10.156535 
10. 156405 
10 156275 
10.156145 
10. 156010 
10. 155886 


0.199757 
10,155028 
10, 155498 


10. 155 369038 


10. 146138 
10. 146262 
10, 146386 
10. 1465 10 
10.146634 
10.146758 


10. 154982 
10.184853 
10.154724 
10.154506 
10.154467 


9 8534909 991914 
9.845662 


| Tangent 


| 


39} 
3 


35 
34 
33 
32 
4, 


45 Degrees. 


Tangents and 


Secants. 


( 457 


—_— 
mn. 


1 


55 44 Degrees. 


Sine [Tangent 


3919, 845002[9,853242[9,992420 
9,8457909, 85 31189,992672 
3209,8459 199,85 29949,992925 
9,8450479, 8528699, 993178 
34 9,$4617519,85274519+993439 


10,007 580 
10,007 328 
10,007075 
10, 06822 
10, 065 70 


Secant 


10, 146758 
10, 146882 
10, 147006 
10, 147131 
10,147255 


9,8453040, 85 2620,993683 
9,8464320), 85 24969,993936 
379.8465009, 85 237 19, 994189 
9.84668 89,85 22479,99444ʃ 
30098468 16½852122 9994594 
4219, 8469449, 85 9979.994947 
9,8470) 109, 85 187 29,995 199 
42,847 1999, 851747 9,995452 
439.8473270, 8516220, 995709 
4419»84745419»85149719-995957 
9,847 58219,851372[9,990210 
40.8477 0900, 8 5 12469, 996463 
4719-34783719,85112119,996715 
4809. 8479640, 8 509969, 996968 
49]9,34509119,850870[9,997221 
5009, 8482189, 8507450, 997473 
9,8483490, 8506 190.9977 26 
5209, 84847 200,8 504939. 997979 
39,8485 999,8 50367, 998231 
541948437 26 9,85024219,9984 84 
55 9,84885219,8501 16199987 37 
5619-$48979 9,84999919-998989 
9,849 106 9,849864/9,999242 
58.849232 9, 8497 379,999495 
599.8493 59,9, 84961109, 999747 
5009, 8494850, 84048 510, 500000 


10, 06317 
10, oo6064 
10, 05811 
10,005559 
10,005 306 
10,00505 3 
10,004801 
10,004548 
10,004295 
10,00404 3 


10, 03790 
10, 003537 
10, 03285 
10, oo 303 
10,0277 


10, ooz5 27 
10, 02274 
10,00202 1 
10,001769 
10,001516 


10,001 203 
10,001011 
10,0c0758 
10,000505 
10,00025 3 
10,000000 


4 


| Sine 


10,147 380 
1C,147504 
10, 147629 
10.147753 
105147878 
10, 148003 
10, 148128 
10, 148253 
10, 148378 
10, 148503 
10, 148628 
10, 148754 


10, 148879 
10, 149004 
10, 149130 
10,149255 
10, 149381 
10, 149507 
10, 149633 
10, 149758 
10, 149884 
10, 150010 
10, 150136 
10, 150263 
10, 150389 
10, 150515 


Tangent 


J 


10,15433803 

10, 154210 
10, 154081 
10, 153953 
10,153825 
10,153696 
10,15 3568 
10,153440 
10, 153312 
10, 153184 


— 
10, 153056 


3 


10, 152673 
10, 152546 
10, 15241817 
10, 152291 
10, 152163 
10, 15 2036 
10, 15 1909 
10, 151782010 
10, 151653 
10, 151528 
10, 151401 
10,151274 
10, 151148 
10, 181021 
10, 150894 
10. 150768 
10. 150641 
to. 150515 


Secant 


29 


Ol 


45 Degrees. 


| 
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A TABLE Gf EI "which every Rumb = | 
Point of the Compaſs)maketh with the Meridian 


North South Point D. M.] North] South 
uu 42 49 | 
| 7 25 37 3 
. 48 26 'S |} 
NEbESbyEſr jri« 13]N b W|S by W 
| <A 5 I 
Ke | 1 1 
= [ I 
2 | 
* 2 
2 2 
3... --; 
N by S | 
| 1 
| 3 
| 3 4 
N. Eaſt S. Eaſt 4 
E 
N 1 
may 
NE b ESE b Eg 0 
[ 5G 2 
b 5 2| 
BE 5 2 
EN EE SE. 6 
R 
| "hep 
| 6 } 
E by NE by S [7 
| | E+- + 
| | 7 4 
7 2 
Eaſt | Eaſt 2 | 
8 — 8 


